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ABSTRACT

The Subsurface Investigations Program made progress in FY-1987 toward

obtaining its two program objectives: a field calibration of a model to

predict long-term radionuclide migration and measurement of the actual

migration to date.

Three deep boreholes were drilled at the Radioactive Waste Management

Complex (RWMC) to collect sample material for evaluation of radionuclide

content in the interbeds, to determine geologic and hydrologic

characteristics of the sediments, and to provide monitoring sites for

moisture movement in these sediments. Suction lysimeters and heat

dissipation sensors were installed in two deep boreholes to collect

moisture data.

Data from the moisture' sensing instruments (tensiometers,

psychrometers, gypsum blocks, heat dissipation sensors, and neutron

logging) installed at the RWMC continued to be collected during FY-1987.

Because of the large volume of collected data, the RWMC Data Management

System was developed and implemented to facilitate the storage, retrieval,

and manipulation of the database.

Analyses of data from the soil-moisture sensing instruments was

initiated. Hydraulic gradients indicated downward flow during large

portions of the year, in several areas of the RWMC. Matric potential

measurements within the SDA suggested the wettest soil-moisture conditions

were near drainage and flood control ditches and topographic depressions.

A need for statistical analysis of measurement results was identified, due

to the variability of data at depths instrumented in triplicate.

Work on the Computer Model Development task focused on three specific

areas: (a) a detailed review of previous vadose zone modeling studies at

INEL, (b) acquisition and installation of a suite of computer models for

unsaturated flow and contaminant transport, and (c) preliminary
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applications of computer models using site-specific data. At present, five

major computer models have been installed on the INEL CRAY computer for

modeling transport through the c,,kciirfmra pAthwAy These mnritalc are:

SEMTRA, FEMTRA, TRACR3D, MAGNUM, and CHAINT. In addition to the major

computer models, eight other codes, referred to as support codes and

models, have been acquired and implemented.

Sampling of ambient air, air in boreholes, and soil gases was

a aL.. ntJur
Lu71.1141.. ‘ 
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concentrations of selected chlorinated and aromatic volatile organic

compounds (VOCs). These sampling efforts indicated that carbon

tetrachloride, 1,1,1-trichloroethane, trichloroethylene, and

tetrachloroethylene have migrated from a number of the disposal pits where

VOCs may have been disposed of. The major sources of VOCs appear to be

n_ A-A r e n ln
riLs It, J, V, 7, aill1 Au. rmazulaiila concentrations of VOCs occur in soil

gases at distances from 2000 to 3400 ft from the SDA boundary. Analyses of

gases collected at various depths beneath the RWMC indicate maximum gas

concentrations at around 100 ft below land surface, and measurable

concentrations to 576 ft.

Shallow auger hole samples from CV _1985 and FY-1986 were

radionuclides. Lysimeter water samples and sediment samples collected

during FY-1986 and FY-1987 deep drilling were also analyzed for

radionuclide parameters.

Results indicated several trends: slight dOwnward migration of

1.ke earlimantobackgruund radiumaLlides from the weathering of

migration of radionuclides from the buried waste within the surficial

sedimentary cover of the RWMC, and downward migration of radionuclides from

the buried waste into the 110-ft interbed and possibly into the 240-ft

interbed underlying the RWMC.
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FACTORS FOR CONVERTING ENGLISH UNITS TO METRIC (SI) UNITS

The following factors can be used to convert
herein to the International System of units (SI).

Multiply

inches (in.)
inches (in.)
feet (ft)

miles (mi)
acres
gallons (gal)

gallons (gal)
pounds (lb)
micromhos (umho)

pounds per square
pounds per square
°F - 32

inch
inch

parts per million (ppm)

By

2.54
25.4
0.3048

1.609
0.4047
3.785

3785.434
0.4536
1.00

0e 
.0U 

elf%

0.068
0.556

1.0

xii

English units published

To obtain

centimeters (cm)
millimeters (mm)
meters (m)

kilometers (km)
hectares (ha)
liters (L)

cubic centimeters (cc)
kilograms (kg)
microsiemens (uS)

kilopasoals (kPa)
bars
'C

milligrams per liter (ma/L)



ANNUAL PROGRESS REPORT: FY-1987
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RADIOACTIVE WASTE MANAGEMENT COMPLEX OF THE

IDAHO NATIONAL ENGINEERING LABORATORY 

I. INTRODUCTION

The Subsurface investigations Program is part of a continuing effort

at the Radioactive Waste Management Complex (RWMC) of the Idaho National

Engineering Laboratory (INEL) to identify pathways and mechanisms by which

radionuclides may eventually migrate through thesubsurface enviTun.ent.

and present a potential hazard to man. The four methods and fifteen

studies to accomplish this objective are presented in A Plan for Studies of

Subsurface Radionuclide Migration at the Radioactive Waste Management

Complex of the Idaho National Engineering Laboratory (DOE, 1983).

The unsaturated (or vadose) zone encompasses all geologic materials

between the ground surface and the water table of the Snake River Plain

Aquifer. Included are relatively thin sedimentary units at the surface and

at depths of about 30 ft, 110 ft, and 240 ft. (Throughout this report

these sedimentary units are referred to as the 30-ft, 110-ft, and 240-ft

interbeds. The actual depth of an interbed at a specific location is not

necessarily the same as the depth indicated by the interbed name.) Also

included in the unsaturated zone are the basalt flows, which compose most

of the geologic sequence.

The Snake River Plain Aquifer, whose surface lies at a depth of about

580 ft below the RWMC, consists of basalt flows, volcanic ash, and

sedimentary interbeds.

Three of the four methods for collection of data in support of the

subsurface investigations were continued in FY-1987. These methods were;

Test Trench, Weighing Lysimeter, and Deep Drilling. Five specific studies--

Solution Chemistry, Net Downward Flux, Computer Model Development,

1



Radiochemical Analysis, and Characterization of Geologic Materials--were

continued or initiated in FY-1987. In addition, a new study, Organic Vapor

Characterization, was implemented in response to the detection of volatile

organic compounds (VOCs) at the RWMC during FY-1987. This new study

included well water analyses, air sampling for detection of organic vapors,

quantitative gas sample analyses, and soil gas survey analyses.

This report summarizes work performed in support of the Subsurface

Investigations Program during FY-1987. The work was performed by

representatives of EG&G Idaho, Inc. and the U.S. Geological Survey (USGS)

INEL Project Office. All work was performed under the direction of the

U.S. Department of Energy (DOE), Idaho Operations Office.

2



2. RATIONALE AND STATEMENT OF OBJECTIVES

The RWMC was established near the endi+ki,tn,i.nie/r. 4-ka TAMA in
JVU%oi.111411 

..... 
WI

1952 as a controlled area for the management of solid radioactive waste.

The RWMC encompasses 144 acres. Radioactive waste is buried in the 88-acre

Subsurface Disposal Area (SDA) and temporarily stored above ground in the

56-acre Transuranic Storage Area (TSA). See Figure 1. The closest major

population center is Idaho Falls, approximately 50 miles to the east.

The radioactive waste buried at the RWMC is a potential hazard to the

environment if its confinement is not maintained. Some radionuclides in

the waste are long-lived, so wierc is a potential

migration.

VI WICII 1VIIV

The question of subsurfacem. igration of radionuclides is of particular

interest for an eventual DOE decision regarding possible retrieval of

buried transuranic waste at the RWMC. Evidence of significant migration

could be used to argue for retrieval of approximately 2,000,000 of

this waste or for the development of additional methods to reduce the

extent of migration. Conversely, the lack of such evidence could support

arguments for leaving the waste in place, at great cost savings.

Therefore, two overall program objectives were established by DOE.

These objectives are:

• Field-calibrate a model to predict long-term migration of

radionuclides in the unsaturated Lune. Achieving this objective

will require measuring hydrologic transport properties,

accounting for radionuclide behavior and radioactive decay,

obtaining or developing a computer program for the =AM!, and

field-calibrating the model.

• Measure the actual migration of radionuclides to date, in order

to determine whether there is a problem from a public health and

safety standpoint. Achieving this objective will require

3
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Figure 1. Location of the Radioactive Waste Management Complex.
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collection, preparation, and analysis of geologic samples from

the unsaturated zone. Strict anticontamination control methods

will be lulitmc%.1 ‘.0 ensure the integrity of the analytical results.

The scheduling of Methods and Specific Studies to accomplish the

psuyram objectives is shown in Table I.

The detection of volatile organic compounds (VOCs) has resulted in

addit;.unal Luni.xuns rwya ._J=_ .L_ bUbburfdLe invustiydtionb at the RWMC. These

concerns are: safety to the public and the environment, safety to RWMC

operational personnel, and the complexing relationship between
Z- _z ,L

rdUIUNdLilUCb dflU L.HU VUL], InerefU re, an additional objective OT Tyne

Subsurface Investigations Program is to characterize (nonradioactive)

hazardous constituents at the RWMC and model their potential migration.

5



TABLE 1. SUBSURFACE INVESTIGATIONS PROGRAM SCHEDULE

Task Description  FY-85 FY-86 FY-87 FY-88 FY-89 FY-90 FY-91

METHODS 

Shallow drilling*

Test trench

Weighing lysimeter

Deep drilling**

enerTrTr cminTce
J1,04/16,1

Net downward water flux and
interface phenomena

Solution chemistry

Radionuclide concentrations

Characterization of geologic materials

ChPmien1 force of radinnnell,Ins

Hydrogeology of waste pits

Model development

Hydrogeologic properties of sediments

Hydrogeologic properties of basalts

Chemical mass transfer

Dispersivity

Waste leachability

Sorption coefficients and kinetics

Horizontal and vertical distribution

Model calibration

Organic vapor characterization

OTHER

Program review/support

* Fifteen boreholes are planned in FY-88.

** Four boreholes are planned in FY-88, four in FY-89, four in FY-90, and four in FY-91.
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3. BRIEF HISTORY OF THE SUBSURFACE INVESTIGATIONS PROGRAM

Studies of possible subsurf,re migrAtinn of radionuclides at the RWMC

began in 1960. The most recent study was conducted in 1979. These earlier

studies are reported in documents authored by Schmalz (1972), Barraclough

tl(97) r n Maestri (976) HmphrPy and Tinge (1978), ande a. 16,Bugusadasta1 ,u y 

Humphrey (1980). The results obtained from these previous efforts have

provided useful but inconclusive evidence regarding potential migration of

radionuclides. The amnlinvorl in covaral races were susceptible

to possible cross-contamination during sample collection or handling

processes. Also, not all the data required to model radionuclide transport

through the subsurface environment have been collartad. Therefore, DOE

requested EG&G Idaho, Inc. and the USGS INEL Project Office to prepare a

comprehensive plan. Specifically, the purpose of the plan was to provide

data to determine the extent of subsurface r,iir,nur-liric, migration 
and to

develop and field calibrate a computer model to help project the long-term

migration of radionuclides.

The planning effort for this program was initiated in FY-1982 and

completed early in FY-1984. The plan integrates data requirements from a

variety of technical disciplines to +ka nr.neirnm nhiartives

Specific hydrogeologic and geochemical data requirements were established

to field-calibrate a subsurface transport model to predict long-term

migration. These UCELd requirements were used to design field and

laboratory studies to collect the necessary data.

The activities and studies were then integrateri into an nvprall ,

program and subjected to an external peer review. Details of the review

are presented in the 1983 DOE report. The plan was approved in early

FY-I984. The remainder of FY-1984 was spent preparing the prnrpdures to

drill/sample  the surficial sediment overlying the basalt at the RWMC (depth

less than 30 ft). This shallow drilling was performed in FY-1985 with

21 auger holes drilled and 19 instrumented.

7



During 1986, 11 shallow holes were augered and instrumented. Auger

hole sample analyses and instrumentation data from the shallow drilling

program (1985 and 1986) are described in subsequent sections of this report.

During FY-1986, the deep drilling program began. The deep boreholes

were planned to penetrate the 240 ft interbed. Three deep boreholes were

drilled during FY-1986. One borehole (D06) was instrumented. Sample

analyses and instrumentation data from the 1986 deep drilling program are

also presented in subsequent sections of this report.

8



4. METHODS

The Subsurface Investigation Program (SIP) relies on several methods

(or activities) to provide for the collection of data to support the

individual specific studies. More detail regarding each method is

available in the 1983 DOE report.

During FY-1987, three activities were continued: Deep Drilling

Program, Test Trench Installation, and Weighing Lysimeter Modification.

These activities are discussed in the following sections.

4.1 Deep Drilling 

4.1.1 Introduction

The objectives of the deep drilling activity are to provide

representative samples of the main sedimentary interbeds and to prepare

boreholes for instrumenting with in situ monitoring instrumentation. The

deep drilling activity consists of drilling and sampling the basalt and

interbeds inside the SDA and around its periphery. The deep boreholes are

drilled to a total depth of approximately 5 ft below the 240-ft interbed.

Samples from the 30-ft, 110-ft, and 240-ft interbeds are used to define the

geologic and hydrologic characteristics of the sediments and to provide

samples for laboratory determination of selected radionuclides.

4.1.2 Summary of Accomplishments

Three deep boreholes were drilled at the RWMC. The locations of these

three boreholes, along with the locations of holes angered and drilled

during FY-1985 and FY-I986, are shown in Figure 2. The objective for each

deep hole was to drill through the 240-ft interbed, obtain samples for

radiochemical determinations, determine the locations and thicknesses of

the interbeds, and instrument the borehole. Hole TWI, located inside the

SDA, was drilled to a depth of 237 ft and subsequently instrumented. Hole

Di, lying outside the boundary of the SDA, was drilled to a depth of

243 ft and subsequently instrumented. Hole 010, located inside the SDA,

9
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was drilled to a depth of 95 ft. Work on DID was temporarily suspended

because of the presence of organic vapors. In addition, work was continued

nn hfl10 Dr12, which was drilled during the FY-1986 drilling season. The

hole was in the process of being instrumented (during the FY-1987 season)

when organic vapors were encountered. Work was temporarily suspended.

Both D10 and 002 have been sealed with '" "'"" "TVCAUG114i$VVI VU

completed and instrumented in FY-1988.

A 1

ULLVU

Discussion

4.1.3.1 Deep Drilling Borehole Design. The surficial sediments lying

the uppeimost basalt layer are augered by RWMC operations.

thickness of surficial cover to be augered ranges from one ft to

approximately 25 ft. A 12-in. auger bit is used,

The SIP drilling rig then cores the first 5 ft of the basalt below the

surficial cover using an HXB core barrel. The 5-ft core hole is then

reamed using a 12-11. tricone bit. lu-in -ulomeLer suriace Ldbln9 Is set

and cemented into the drill hole from the surface to 5 ft into the

underlying basalt.

Drilling into the basalt from beneath the surface casing employs a

7-7/8-in. tricone bit. The basalt is continuously drilled with the tricone

bit until an intermediate interbed is reached or the 110-ft interbed is

within 5 ft. In each case, the triconing drill string is changed out and

an HXB coring drill string is used. Prior to coring, a samarium oxide

tracer is placed in the hole to check against mixing of sample matertal

between different rock units down the borehole. The interbed and 5 ft of

overlying and underlying basalt are then cored. The core hole is then
/-7/0_4 L446J_L-

tcam=u k.11C I-1/0-in. Lill.. oenLuniLe is pidueu dL Lne UULLUM U I Lne

borehole, and 6-in. casing is set into the bentonite layer. The bentonite

serves as a seal at the bottom of the casing to prevent moisture and

sediment from migrating downward in the borehole when drilling  resumes.

Once the 6-in. casing is set, a 5-7/8-in. tricone bit is used to drill

out beneath the bottom of the casing into the underlying basalt. The

11



basalt is continuously drilled with the tricone bit until an intermediate

interbed is reached or the 240-ft interbed is within 5 ft. The drill

string is changed out and replaced with the coring drill string. The 5 ft

of overlying basalt, the interbed, and 5 ft of the underlying basalt are

then cored. After coring is complete, the hole is reamed with the

5-7/8-in. tricone bit. This ends the drilling/coring phase of the

borehole. The hole is now ready for instrumentation. The instrumentation

process is discussed in Section 4.1.3.5.

After borehole D15 was drilled, it was decided that all future holes

will be cored in their entirety. Coring the basalt as well as the

interbeds will provide more information about the RWMC subsurface.

Borehole D10 was continuously cored to the 95-ft depth, at which point

drilling was suspended in September 1987. The hole design is basically

the same as previously described for boreholes drilled using a tricone

bit. Instead of triconing the hole and back-reaming, the borehole was

drilled using a 3-1/2-in. rotary diamond core bit and then back-reamed to

the standard hole size.

4.1.3.2 Geophysical Logs. Geophysical wireline logs are run in the

borehole through the 110-ft interbed before casing is set. The entire hole

is logged again after the hole has been drilled to total depth below the_

240-ft interbed. Four types of geophysical logs are taken: gamma-ray,

gamma-gamma, neutron, and caliper logs. A downhole television log is also

run.

Gamma-ray logs indicate the amount of natural gamma radiation emitted

from material surrounding the hole. Gamma-ray logs are used to identify,

sedimentary beds within the basaltic sequence. Sediments at the RWMC emit

more gamma radiation than basalt.

Gamma-gamma logs measure the intensity of reflected gamma radiation

from a source within the probe after it has been backscattered and

attenuated within the hole and surrounding rocks. Gamma-gamma logs measure

12



the relative density of material surrounding the probe. The logs,

therefore, are also used to indicate relative porosity. Basalts show up as

high density materials, whereas the sediments have a low density.

Therefore, gamma-gamma logs suggest greater relative porosity in sediments.

Neutron logs measure the hydrogen content of material surrounding the

hole, thereby reflecting the relative moisture content of the material.

Sediment interbeds or fracture zones with sediment infilling within the

basalt intervals typically indicate the highest moisture content.

Caliper logs measure the diameter of the borehole.

The geophysical log responses to TW1, D15, and 002 are illustrated in

Figures 3, 4, and 5. The figures also show the construction of the

boreholes.

4.1.3.3 Health Physics Survey. Health physics surveys are conducted

in three specific areas to screen for cross-contamination between the

surface and the borehole. These areas are the drill rig location, the

decontamination area, and the Subsurface Investigations Field Laboratory

(SIFL). Approximately 1350 smears were taken in these locations and -

counted in the SIFL using an alpha spectrometer and beta/gamma counter.

Approximately fifteen percent of these smears were composited and sent to

the radiochemical laboratory for wet chemical analysis. Positive

radiochemical results (at a 99% confidence level) were detected during the

FY-1987 drilling program. These resulted from: (a) contamination inside

the SIFL from the prepared laboratory standard and (b) surficial dust'

accumulating on equipment in the work areas.

Smear samples with positive results are listed in Table 2. Smear

samples 6 and 30 showed statistically positive activities of 
239

Pu,
244

Cm, and 
230

Th. These radionuclides were present in a calibration
239_ 244_ 239_

standard used at the SIFL. The ratios of ru to Lm, ru to
230

Th, and 
244

Cm to 230Th in these two smear samples are
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TABLE 2. POSITIVE RESULTS FROM SMEAR SAMPLE ANALYSES

Borehole
Smear
No. Date Nuclide

Activity
(pCi)

TW1 6 6-05-87
239

Pu 1.32 ± 0.17 E-07
244Cm 1.35 ± 0.17 E-07
230Th 3.4 ± 0.9 E-08

Ni 19 5-24-87 239Pu 9.1 ± 1.7 E-08

TW1 20 5-25-87 239Pu 7.3 ± 1.6 E-08

TWI 21 5-26-87 239Pu 1.76 ± 0.20 E-07

TWI 22 5-27-87
239Pu 4.0 ± 1.0 E-08

TW1 24 5-29-87
239Pu 1.13 ± 0.15 E-07

TWI 30 6-04-87 239Pu 8.1 ± 1.4 E-08
244

Cm 8.5 ± 1.4 E-08
230Th 6.1 ± 1.3 E-08

015 45 7-23-87
239Pu 1.07 ± 0.17 E-07

015 46 7-24-87 239Pu 1.09 ± 0.16 E-07

n1; 47 7-27-87
239Pu 4.1 ± 1.0 E-08

statistically identical to these same ratios in the calibration standard.

Therefore, the 449Pu activity in these two samples is due to

contamination from the calibration standard.

Smear samples 19 and 20 show statistically positive 
239Pu activity.

However, because of the quantity of soil present on the smear, it was not

possible to isolateaCm-Th fraction. Therefore, it is impossible to tell

whether or not the 43 13u activity present in these samples came from the

calibration standard or from some other source.

Smear samples 21, 22, 24, 45, 46, and 47 showed statistically positive
239Pu activity, but no statistically positive activities of 

244Cm or
230Th. This suggests that the activity of 

239Pu in these samples is

not due to contamination from the calibration standard. Smears 21, 22,

and 24 were taken during work on borehole TW1. During the time these

smears were taken, work was being done on the 6-in. casing, and basalt was

being drilled. Smears 45, 46, and 47 were taken during work on the

17



surficial cover and surface casing on borehole D15. Sampling of

sedimentary interbed material was not taking place during the time these

positive smears were taken at these two boreholes. There is no association

between these positive smears and positive detections in sedimentary

interbed mAfPriAl. Thorofriro, it is concluded that these positive smear.

results from borehole TW1 and D15 occurred from contact with contamination

from the surficial soil. The surficial soil at the RWMC does have a higher
background radionuclide content than the detection limit used for

radionuclides sampled for in the subsurface (Arthur, 1982).

Althoti^k mme444  ales d.,+...-+.-..1 1.., ,A4mmkm.m4m.1
evJguivc 

cwmmm
JU

m
V ca TIG

m
G

methods, the positive concentrations were still two orders of magnitude

lower than the Health Physics Survey detection limits. Hence, the positive

smear values are extremely low.

4.1.3.4 Drilling and Sampling. Borehole TW1 was drilled within 15 ft
of nro. Am4limA 4m +km CV+100C  vi idy, InFQJ VA 111G,..1 III 641G I I .Lawy a=azun. The puipm“mm

vc 
m,m 4sim 

drilling TW1 was to confirm the presence of migrating radionuclides in the

240-ft interbed of D02.

The 110-ft interbed in borehole TW1 measured about 3 ft thick.

Approximately 30% of the interval was recovered using HXB and Shelby tube

coring devices. Ti.... HXB core barrel, Shelby tube, and thin-wall Shelby

tube type coring devices were used to core the 240-ft interbed in TW1.

Core recovery in this interval was poor (20%) due to two factors. First, a

Shelby tube was lost in the hole. Second, the Lvare, uum.=mcuted sand III

the bottom of the 240-ft interbed would not stay in the core barrel.

Repeated attempts to core this material with high pressure air resulted in
m=‘,4mm ,.f +km kmmmkmlm l7..1.. TW1 

"- that point, 1V41%.011 UHU WI 6110 VVIGIOVIG. M.PiG In1 TTQZ L.VMptCioCU GL

and subsequently instrumented.

m- -k-, nimse W44 was dr4" -iiicu apFruAimatc ly 300 ft south of th- c" t..... 4"-c !VrLIIC

purpose of providing control samples. The HXB core barrel was used for the

30-ft interbed; 35% core recovery was obtained at this interval. A thick,

ted gravel zone was encountered in the 110-ft interbed. This

type of sediment is very difficult to core. Several different coring
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techniques were attempted: (a) the HXB core barrel, (b) the standard

Shelby tube, (c) a thin-walled Shelby type tube, and (d) a California

split-spoon sampler. Each coring device failed to obtain core from this

gravel zone. Consequently, the open hole was cased from the surface to the

bottom of the gravel interval with an 8-in. casing. HXB coring resumed

through the bottom of the casing to the base of the 110-ft interbed. Core

recovery in the interbed below the gravel was excellent (78%). The overall

core recovery form the entire 110-ft interbed was 26%. Gravel not

recovered from the coring was circulated out of the hole by high pressure

air and recovered at the surface. These gravel cuttings will aid in the

geologic interpretation of the interbed.

The HXB core barrel was the coring device used for the 240-ft interbed

in hole D15. Gravel was not encountered in this interbed. Core recovery

fnr this interval was excellent at 74%.

Before work began on borehole D10 in September, it was decided that

All ciihcantiPnt hnrohnloc chall hp rnrPd in their entiraty (the basalt

sections as well as the interbeds). The coring program for borehole D10

was proceeding normally until late September, when volatile organic

r-AmpAtinfic ware. datortprl rnminn frnm tho hnrohn10 Ilriilinn immediately

ceased for the FY-1987 season for safety reasons. The total depth of the

borehole at this time was 95 ft 2 in. The 110-ft interbed had just been

braadhod and tha drillor was rnoitinning the. hnlo tn rorP the cadimpnt.

No core was obtained from borehole D10 in the 110-ft interbed. Core was

taken from the 30-ft interbed, and core recovery was 77%; the HXB core

hArrol was the. rnring dPvirP iisari

Work was discontinued also on borehole D02 because of the detection of

nrganir vapnrc Rnrphnip nn, narl hppn drillad tn apprnximatply Plc ft

during the FY-1986 drilling season. Hole problems were encountered at the

240-ft interbed level, and drilling stopped for FY-1986. The plan for

finiching nn, in FY-1qA7 was tn Pahatrata tha hAc0 nf the. 24n-ft intPrhead

into the underlying basalt, pull the 6-in. casing, and instrument the

hole. Sand (8-ft) was cored in the bottom of the 240-ft interbed; however,

nn rnrp was rprnvprpd hpraimp nf tint:, lark nf rpmpntptinn in thp sand The

unconsolidated cand simply fell out of the bottom of the core barrel. It
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was then decided to cease coring and begin the instrumentation process.

Volatile organic compounds were detected coming from the borehole during

the removal of the 6-in. casing, and the instrumentation of D02 was

discontinued.

Interbed samples collected from TW1 and 015 were characterized in

terms of texture, type, color, reaction to HCI, and moisture content. This

information is presented in Appendix A. Additional discussion is presented

in Section 5.1. Results of radiochemical analyses of sediment samples are

presented in Section 5.6.

4.1.3.5 Instrumentation and Backfilling. Two deep boreholes, 015 and

TW1, were instrumented with heat dissipation sensors to measure soil-water

tension within sediments contained in the interbeds. Suction lysimeters,

for soil-water extraction, were installed in the interbeds along with the

heat dissipation sensors.

Boreholes were instrumented following drilling and sampling. The

5-in. casing, installed to a depth of 5 ft beneath the 110-ft interbed

during drilling, was left in place while instruments were placed in the

borehole the casing kept materials from falling down the borehole from the

110-ft interbed to the 240-ft interbed. A PVC guide pipe was lowered down

the borehole in 10-ft increments while instruments were attached in their

respective positions to the guide pipe. The instrument string was lowered

into place so that the instruments were placed at depths corresponding to

the locations of the interbeds. Borehole completion diagrams in Figure 6

show the placement of instruments and backfill material. The bottom of the

borehole was backfilled with bentonite by pouring the bentonite through the

center of the guide pipe. The remaining backfill was poured into place

using a PVC tremie tube that was lowered down the borehole at the same time

the instrument string was lowered. Backfill was placed in the bottom of

the borehole and progressed upward to land surface.

Instruments were installed with bentonite beneath them to isolate them

from other portions of the borehole. A 6-in. layer of silica sand was

poured on top of the bentonite, and 5 gal of distilled water, with a 10-ppm
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bromide tracer added, was poured on the silica sand. The sand acts as an

insulator to dissipate the erosive action of the falling water. Silica

flour, a very fine ground silica, was poured down the borehole and mixed

with the water to cover the instruments. The silica flour/water mix

surrounds the instruments, providing a hydraulic connection between the

instruments and the surrounding sediments. The borehole was allowed to sit

overnight to allow the silica flour to assimilate the water. Six inches of

silica sand was added to complete the backfill around this set of

instruments. Bentonite was placed between instrument groupings within the

interbeds and adjacent to basalt.

A cement plug was emplaced beneath the 110-ft interbed to act as a

support for the remaining backfill. This was done because the bentonite

may settle 1 to 2 percent following placement. Without the cement plug,

the backfill surrounding the upper interbeds could slip down, placing

bentonite adjacent to the instruments. The casing covering the 110-ft

interbed was withdrawn from the borehole, and backfilling continued to land

surface. Backfilling of D15 was modified due to unusual conditions within

the borehole. A large void, encountered at 190 ft below land surface, had

to be left open. A plug was installed at 124 ft below land surface so

backfilling could continue. Backfilling to cover instruments at 98 ft was

not done because native material from within the borehole caved and covered

them.

4.2 Weighing Lysimeter

4.2.1 Introduction

The objectives of the weighing lysimeter activity are to provide data

that will describe soil moisture content, moisture changes with time, and

rates of soil moisture infiltration typical of cover materials at the

RWMC. These data will be used to assist in the calibration of a numerical

model of soil moisture movement at the RWMC.
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Weighing lysimeters are used to determine rates of soil moisture

evaporation and plant transpiration in the upper few meters of surficial

sediments. Two weighing lysimeters were installed by EG&G north of the SDA

in 1979. These instruments did not produce reliable data and consequently

were shut down in the latter part of 1982. The weighing lysimeter activity

in FY-1987 consisted of making necessary repairs and modifications to bring

the lysimeters back into operation such that they produce reliable data.

The weighing lysimeter installation is located 800 ft north of the SDA

(Figure 7). This installation is made up of two weighing lysimeters

measuring 5 x 5 x 6 ft, a control pit 4.3 ft in diameter, connecting pipe,

and an instrument tank. The weighing lysimeters and control pit have

identical sets of soil-moisture/temperature blocks (Figure 8) so the

instrument data can be compared between the control pit and the weighing

lysimeters. In addition, the weighing lysimeters have suction candles in

the bottoms of the inner containers to remove any excess water and

equilibrate tensions to natural conditions.

Control
pit

West
lysimeter

Instrumentation
canals

N9N
Neutron access tube locations \IL

VD ft

East
lysimeter

53496

26 tt

Figure 7. Location and layout of weighing lysimeter installation.
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Figure 8. Weighing lysimeter instrumentation diagram showing locations and
depths of instrumentation.

4.2.2 Summary of Accomplishments

During FY-1987, east lysimeter core sample analyses were completed.

These analyses consisted of sediment rharartorictire, pnrtirlo size

distribution, and x-ray diffraction of the fine silt and clay fractions.

Laboratory calibration of soil moisture/temperature sensors, which are

identical to the uncalihrated buried sensnrc, was completed.

4.2.3 Discussion

Sediment core samples were taken from the weighing lysimeters, which

contained soil from the same source areas as the RWMC landfill cover

soils. These analyses provide data for the HydrngPningir Prnpiartiac of

Sediments study, the Characterization of Geologic Materials study, and the

Hydrogeology of Waste Pits study.
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Particle size analyses of the cores were completed by using the dry

sieve method for particles >0.062 mm in diameter, and the pipet method for

particles <0.062 mm in diameter. One-and-one-half-in.-diameter core

samples were taken at 10-in. depth intervals in both lysimeter boxes. The

results of a representative lysimeter soil particle size analysis are shown

in Appendix B, Table 8-1. The complete east lysimeter soil particle size

analyses and sediment characteristics analyses are available to the other

study groups and will be included in a USGS Test Trench and Weighing

Lysimeter data report currently being prepared.

The laboratory calibration of soil-moisture/temperature sensors showed

that laboratory calibration of the in situ sensors was not possible. The

sensors used at the lysimeter study area were uncalibrated when they were

buried. Eight additional sensors with the same type of construction were

purchased from the same manufacturer. These were placed in cells

containing soil taken from the east lysimeter and were placed in a pressure

plate extractor. The soil was saturated and then allowed to equilibrate at

several pressures within the pressure plate extractor. At each

equilibrated pressure the cells with the sensors were weighed to determine

moisture content changes. At the same, time sensor output was recorded

with a data logger identical to the one used at the weighing lysimeter.

Multiple regression equations were developed for each laboratory sensor,

and a single multiple regression equation was developed for the entire

population of laboratory calibrated sensors. Statistical analyses of these

calibration equations showed that although an individual calibration

equation for each specific sensor would provide an accurate conversion of

sensor output to moisture contents, one calibration equation for many,

sensors would not provide an accurate conversion of sensor output to

moisture contents.

The collection of data from the soil-moisture/temperature sensors at

the weighing lysimeter was discontinued in FY-1987 because calibration of

the in situ sensors is not possible without their retrieval. Lysimeter

weight data collection will continue in FY-1988.
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4.3 Test Trench

4.3.1 Introduction

The objective of this activity is to obtain detailed information on

soil moisture movement in the unsaturated zone at the RWMC. Two test

trenches have been installed north of the SDA to determine, under actual

and simulated conditions, the typical moisture content unsaturated

hydraulic conductivity, metric potential,- soil-moisture flux, and

soil-moisture velocity. The trenches will also be used to experimentally

evaluate the behavior of soil moisture under simulated environmental

extremes. Data from the test trenches will be collected using

instrumentation located in disturbed and undisturbed soils, adjacent to

simulated waste containers, and along the surficial sediment/basalt

interface.

The test trench activity is necessary in order to develop an

understanding of movement of water (and radionuclides) from the soil

surface through the waste pits and into the first sediment/basalt

interface. This data will be used to assist in the calibration of a

numerical model of moisture movement at the RWMC.

These trenches were instrumented with neutron access holes,

tensiometers, and psychrometers to measure temperatures, moisture contents,

and tensions in the soil. All instrumentation accessed through the buried

test trenches is retrievable so that their calibrations can be verified

periodically.

In addition, a micrometeorological station has been installed at this

site to determine the effects of atmospheric conditions on subsurface soil

moisture and temperature variations. This station will be used to support

the Net Downward Flux study and the Weighing Lysimeter activity. Data

obtained from the micrometeorological station will be used to develop mass

balance equations for input to the numerical model of water movement in the

unsaturated zone.
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4.3.2 Summary of Accomplishments

The micrometeorological station was modified to provide additional

data necessary to determine evapotranspiration rates at the RWMC. The

thermocouple psychrometer calibration procedures were modified to improve

the accuracy of matric potential determinations. Fifteen additional

thermocouple psychrometers were calibrated for sensor rotation and

calibration verification. Preliminary preparations were completed in

September 1987 for the installation of a simulated waste trench_

Laboratory analyses of nine soil cores from a neutron access hole were

completed.

4.3.3 Discussion

The tact tronrh installation is lnratPd 125 ft north of the snA

boundary (Figure 9). Two test trenches were fabricated and installed in

FY-1984. The trenches are made of 6-ft-diameter culvert connected to form

a T-chant (Figure 1n) A vertical place of rnlvert extands from ft ahove

land surface to a depth of 14 ft below land surface. A second culvert

joins the vertical culvert at a 90° angle approximately 4 ft below land

surfa,e and extends horizontally for 20 ft.

From June to July 1987 the meteorological station was modified to

prnvido additional data naraceAry for Hc+armining +ha amount of

evapotranspiration that occurs at the RWMC. Windspeed, relative humidity,

and air temperature sensors were installed at one-meter and two-meter

hainhtc ahnva grnund to prnvide data on air moisture f1iiYoe from

evaporation and transpiration of soil moisture. Another type of data

needed, the air-soil interface temperature, is being measured by the

addition of an infrared thermometer gun. Two longwave radiation sensors

and two shortwave radiation sensors were installed on the station to

determine the net amount of solar radiation available for evaporating soil

moictitro. ono se+ of longwave and shortwave radiation concnv.c minacnroc +hn

incoming components of solar and whole sky radiation. The other longwave

and shortwave sensor set measures the reflected and emitted longwave and
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shortwave radiation components. Data from this station will be used in

several different mass balance equations to determine the net amount of

preeipitetien AvAilAhlo for downward migration through the subsurface.

In FY-1987, the calibration procedures used for the thermocouple

psychrometers installed at the test trench were modified to improve the

accuracy of metric potential determinations. Metric potential is a

calculated value, and accuracy is dependent on the calibration procedures

used and the condition of the psychrometer. The accuracy of thc, nalnulatwi

metric potential is important because it is used to determine soil moisture

content, unsaturated hydraulic conductivity, soil-moisture flux, and

soil-moisture velocity. Meyn and White (1972) have shown that the accuracy

of the manufacturer-supplied calibration, which is described by Brown

(1970), decreases as ambient temperatures deviate from the single

of snnrnvimately .nor The soil temer.reterAc‘..1411141421616011 mq uvrqsonlmgaw,I., w.

recorded at the test trench during FY-1987 ranged from approximately -1°C

to 20°C. Meyn and White also showed that the manufacturer's use of an

empirical LLIFF t.tiVn equation that enables their use of a single point

calibration method would result in an increasing underestimation of soil

moisture content as metric potentials increase from approximately -20 bar

th r  ' e*i 14.4+ p.; hftr Think
kivW MUIS6Uv= 1-unt.efit.) 60 e psychomterdeeceon lM16 Si i W.J.; ‘111W4

moisture content).

Beeeuee UI 6eese accuracy problems with the use of the

manufacturer-supplied calibration, a different procedure was used for the

test trench thermocouple psychrometers. All of the test trench

psychrometers were calibrated using twenty data points that bracket the

expected metric potential and soil temperature conditions of the test

trench soils. Multiple regression techniques were used to develop a

two-term mathematical equation that more accurately converts psychrometer

output to metric potential. A separate equation is developed for each

thermocouple psychrometer. In FY-1987, the temperature and water potential

ranye ueed in the 1.43,k.hrumetcl k.alibrat;um prvt-caz were narrowed to more

closely approximate the observed field conditions and to improve the

accuracy of metric potential determinations.
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An additional set of fifteen thermocouple psychrometers was
calibrated. These psychrometers will be used to rotate the installed

psychrometers out for calibration checks to ensure data accuracy. This
will be an annual activity for the remainder of the project.

Preliminary preparations were completed for the installation of a

simulated waste trench just north of the east test trench. Eight

instrument access ports were installed in the east test trench for access
to psychrometers that will be located in disturbed soil backfill in the

simulated waste trench. Fifteen 55 gal DOT (Department of Transportation)

hazardous waste drums were purchased and filled with simulated waste and a

potassium bromide tracer. Twenty heat dissipation blocks were purchased;

these will be emplaced within the simulated waste trench. These blocks

measure soil moisture content in the 0 to 3 bar tension range and will take

the place of tensiometers, which generally do not work in the dry soil

conditions at the test trench area.

Particle size analyses of nine soil samples from neutron access hole

NAH-1 were completed. Particles <0.062 mm in diameter were analyzed by the

dry sieve method and particles >0.062 mm in diameter were analyzed by the

pipette method. The results of these analyses are shown in Appendix B,

Tables B-2 through B-10. Particle size analyses will be conducted on the

remaining test trench soil samples.

Analyses of sediment sample characteristics were also completed on the

nine NAH-1 soil samples. The results of these analyses are shown in

Appendix B, Tables B-11 through B-19. The analyses show that, in this

particular area, quartz, plagioclase, and basalt fragments predominate as

the most abundant soil components. Analyses of sediment sample

characteristics will be conducted on the remaining neutron access hole soil

samples.

Soil-water characteristic curves are used to determine the relation

between soil tension (matric potential) and soil moisture content by

volume, and are also used to determine unsaturated hydraulic conductivity.
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Data for these curves are collected by placing soil cores within a pressure

plate extractor, saturating the soil cores, and then weighing the soil

cores after the soil moisture within the cores equilibrates at several

selected pressure settings. At the end of the test, the soil cores are

oven-dried, and intermediate masses are converted to volumetric water

content values. Soil-water characteristic curve data sets were completed

for samples from four neutron access holes (NAH-2, 3, 6, and 9). These

data sets are shown in Appendix B, Tables B-20 through 8-24. Soil-water

characteristic curve work will continue through FY-1988.

Nine neutron access holes were installed in and around the test trench

area. The holes were hand-augered to the surficial sediment/basalt

interface while undisturbed core samples were collected for bulk density,

soil, moisture, and particle size analyses. The holes were cased with

1.5 in. inner diameter stainless steel tubing from 2 ft above land surface

to the basalt. Locations of these access holes are shown in Figure 9.

Readings were taken from the nine access tubes on a bimonthly basis; these

readings show relative soil-moisture content changes. Data from the

neutron access holes will be documented in a USGS data report currently

under peer review.

Psychrometer data collected at the test trench area show the soil

temperature and soil matric potential changes with time and depth. Soil

temperature changes with time at six depths in the surficial sediments are

shown in Figure 11. Changes in soil tension (matric potential) with time

at four depths are shown in Figure 12.

Approximately 65,000 data points collected at the test trench study

area in FY-1987 were compiled and are being checked for accuracy.
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5. SPECIFIC STUDIES

Of the specific studies outlined in the 1983 DOE report, five were

continued or initiated in FY-1987. Inebv are: Characterization of

Geologic Materials, Solution Chemistry, Net Downward Flux, Computer Model

Development, and Radionuclide Concentrations. In addition, another study,

Organic Vapor Characterization, was initiated at the beginning of FY-1988

in response to the detection of volatile organic compounds during drilling

operations at the RWMC.

5.1 Characterization of Geologic Materials

5.1.1 introduction

The objectives of this specific study are to quantify physical and

chemical properties of surficial sediments, basalt, fracture fill material

and interbed sediments. These data will ultimately be used to determine

the properties of radionuclide sorption and migration within the geologic

section of basalts and sedimentary interbeds underlying the RWMC.

5.1.2 Summary of Accomplishments

Sediment samples taken from the interbeds during the deep drilling

activities were characterized. Descriptions of these samples are presented

in Appendix A. Samples obtained from the surficial sediments near the

weighing lysimeter and test trench projects are described in Appendix B.

Several cross-sections, a fence diagram, and sand trend maps were

constructed in order to gain a greater understanding of the subsurface

sedimentary patterns. Analysis of this information will aid in the effort

to predict the movement of moisture and migration of radionuclides through

the vadose zone.
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5.1.3 Discussion

The data obtained from the drilling program are being used in the

effort to develop a conceptual model of the sedimentary and basalt layers

underlying the RWMC. Borehole construction diagrams, structural

t-rincc-cori-innc, fonro HiAgrAmc gPningir ctrurtHral mapc and canri

thickness maps are useful tools in this effort.

Figures 3, 4, end 5 (see Section 4.1.3.2) .re borehole construd+inn

diagrams illustrating the geophysical logs and the stratigraphy of

boreholes TW1, D15, and D02.

Geologic cross-sections are important in the understanding of lateral

and vertical changes between adjacent rock and sediment units. Three

structural cross-sections extending through the RWMC have been

constructed. Figure 13 is a map showing the locations of the

cross-sections relative to the RWMC. The cross-sections are presented in

Figures 14, 15, and 16. The thickening and thinning of the interbeds and

the slopes of the interfaces are shown in the cross-sections.

Figure 17 presents a fence diagram showing a three-dimensional

perspective of the lateral and vertical changes in the interbed strata

underlying the RWMC. The fence diagram actually shows how the three cross
sectionrC° 1A

a ki
nmr4 1C\

AJ, UMA U I C

Figures 18 through 23 are structural and sand thickness maps of the

30-ft, 110-ft, and 240-ft interbeds. The structural maps were resne+rnrharl

for the base of each interbed; these represent the topography of the

surface of the basalts on which the interbeds were deposited. A structural

low Amnie-+e m e46,...mmm channel area While the.
Y.I.-

high shows .n interdhennel

ridge. The sand thickness maps indicate areas of sedimentary thickness. A

comparispn of the structural map and sand thickness map for an interbed,

shows that the channel areas accumulated the thickest sedimentery Reiss 
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The structural and sand thickness maps of the 110-ft interbed best

illustrate this stream channel pattern. Refer to Figures 20 and 21. A
c+,e1ir+tiv.m1 hinin nvic+c in +Inn rnn+Irml nny,+inn of +Inn cne ninnn

III .....,111.11A1 VW1.1,011 vi 1.41, ,r1G.44411

the north-south axis of cross-section C to C' (Figure 13). This is also an

area of a sedimentary thin, an interchannel ridge. The same pattern of a
P4.1...1,4. mA .41,4. ...qt.,. ;. /1M...44. 4.4...k.A
741 UL. 4G7 U I Hivil SeIJIM=116Cily III 111.0 Ito IllkoCILICU

the boundary between the SDA and the TSA. Conversely, the structural low

at the western end of the SDA corresponds to a depositional thick, which
4.A4.,4es. .6,...,1 4.

Z6IGUM III the 110- ft interbed.

Similar sand trends are also illustrated in the structural and sand

thickness maps of the o1_4, 7An_44.
4,6) 1 L. UIIU GIFU IL. IHUCIWCW.I.

A comprehensive interbed study is currently underway. By combining

several sources Vi sedimentological data (i.e., litho logic LAC4F11./61U11,

subsurface maps, outcrop investigations), the Subsurface Investigations

Program will be able to gain a better understanding of the subsurface at

the RWMC.

5.2 Solution Chemistry

5.2.1 Introduction

The first objective of the Solution Chemistry Study is to determine

the major ion chemistry, pH, and redox potential of solutions in soil and

basalt at the RWMC. This information will be used in the predictive model

UI TdulunuLilue Lrglipuet dt the RWMC. The securiu vujeutrve uellue

the actual radionuclide migration by monitoring for radionuclides in soil

waters collected using porous cup lysimeters. The Solution Chemistry Study

consists of installing porous cup lysimeters in augered and drilled holes,

collecting samples of soil water, analyzing the water samples, and

utilizing the resultant data for prediction of radionuclide migration.
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5.2.2 Summary of Accomplishments

Five porous cup lysimeters were installed in two deep boreholes at the

RWMC during FY-1987. A soil-water sample was collected and analyzed from

only one of these lysimeters (DL04). In all, samples from 22 of the

39 lysimeters installed since FY-I985 were collected and analyzed for major

ion chemistry. Of the 17 not sampled, three were new installations, four

are teflon lysimeters (which are no longer sampled), two require reserve

air tanks, and eight had temporarily dry soil.

5.2.3 Discussion

Five porous cup lysimeters were installed during FY-1987. Three of

these lysimeters were installed in borehole D15 at depths of 30 ft, 110 ft,

and 240 ft. The other two lysimeters were installed in borehole TW1 at the

110 ft and 240 ft interbeds. One of those lysimeters (DL04) yielded a

soil-water sample. Figure 2 (see Section 4.1.2) shows the locations of all

shallow and deep Subsurface Investigations Program boreholes drilled at the

RWMC since FY-1985. Table 3 shows the installation dates, installation

depths, and status of all lysimeters installed to date. As described in

the FY-1986 annual report (Hubbell et al., 1987), a number of lysimeters

leak and thus require the use of a reservoir air tank to increase the

effective volume of the lysimeter for samples to be collected. The volume

of the air tank used or needed is shown in Table 3.

Details on the procedures used to install the porous cup lysimeters

are given in the FY-1985 annual report (Hubbell et al., 1985).

Modifications to those procedures are described in the FY-1986 annual

report (Hubbell et al., 1987). No significant changes were introduced to

lysimeter installation procedures for the current year. Water is still

added to the silica flour during installation to ensure that good contact

is achieved between the native soil and the lysimeter. A 10 mg/L potassium

bromide (K8r) tracer was added to the water to determine when valid samples

can be collected.
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TABLE 3. STATUS OF POROUS CUP LYSIMETERS INSTALLED AT THE RWMC

Instrument
Number

Date
Installed

Depth
Installed
(ft-in.)

Borehole 006

DLO1 09/12/86 88-0
DLO2 09/12/86 44-0

Auger Hole TW1

DLO3 06/25/87 226-11
DL04 06/25/87 101-8

Auger Hole D15

DLO5 09/15/87 222-11
DLO6 09/15/87 97-11
DLO7 11/04/87 32-2

Auger Hole W02

LOT 06/14/85 14-0

Auger Hole W03

L02 06/17/85 10-6

Auger Hole W04

L03 06/19/85 24-6
L04 06/19/85 15-5
LO5 06/19/85 6-2

Auger Hole W20

L06 06/28/85 6-8

Auger Hole W23

LO7 in e inn /Or
U014.0/00 18-10

L08 06/28/85 11-10
L09 06/28/85 7-8

Auger Hole T23

L10 07/02/85 19-0

45

Status of Lysimeter

holds pressure but soil dry
uses 5.0-gal air tank

may be too dry to sample
good condition

not sampled yet
not sampled yet
not sampled yet

uses 7.5-gal air tank

uses 7.5-gal air tank

uses 7.5-gal air tank
uses 7.5-gal air tank
holds pressure, but temporarily
dry

teflon, no sample°

teflon, no sample°
uses 7.5-gal air tank
good condition

teflon, no samples



TABLE 3. (continued)

Instrument
Number

Date
Installed

Depth
Installed
(ft-in.)

Auger Hole CO2

L11 07/03/85 4-4

Auger. Hole W08

L12 07/09/85 22-1
L13 07/09/85 11-4
L14 07/09/85 6-2

Auger Hole PA01

'lc
1-14 07/11/85 14-4

Auger Hole PAO2

L16 07/11/85 8-8

Auger Hole TH02

L17 06/07/85 6-0

Auger Hole TH04

L18 04/23/85 4-0

Auger Hole CO1

lin
L17

L20

Auger Hole TH05

nolneineuo/u0/00
08/06/86

n11-0
7-5

L21 09/08/86 15-2

L22

nuycr nuic 
wines

09/08/86 5-11

L23 09/17/86 14-10

46

Status of Lysimeter

teflon, no samplea

requires 5-gal air tank
good condition
uses 7.5-gal air tank

good condition

good condition

good condition--soil temporarily
ury

good condition--soil temporarily
dry

good condition
good condition

requires air tank, size not
determined
good condition

good condition



TABLE 3. (continued)

Instrument
Number

Auger Hole W05

L24
L25
L26

Auger Hole W06

L27

Auger Hole W25

L28

Al Hole W13

L29
L30

Auger_Hole W17

L31

ill"..,,,_

Date
Installed

Depth
Installed
(ft-in.)

09/22/86 15-11
09/22/86 10-0
09/22/86 6-8

09/23/86 11-9

09/24/86 15-6

09/20/86 14-0
09/28/86 6-8

09/29/86 19-7

09/29/Q6 10-11

Status of Lysimeter

good condition
good condition
good condition

good condition

requires 2.5-gal air tank

requires 2.5- or 5-gal air tank
good condition

good condition--soil temporarily
dry
nrint4 conrrition--stlil t,.mpnrArily,--
dry

a. Teflon lysimeters have low air entry values and therefore will not
collect samples except when the soil is nearly saturated.

Table 4 shows the results of the most recent soil-water sample

analyses for major ion chemistry from lysimeters installed during FY-1986

and FY-1987. It should be noted that with the exception of DL04, bromide

tracer was not detected in any of the samples analyzed. This indicates

that water (and KBr) added to the borehole during installation of the

silica flour has either dissipated into the surrounding sediments, or has

been removed during the previous sampling event. The chemical data shown

in Table 4 can thus be considered representative of the sediment water.
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TABLE 4.. MAJOR ][ON CHEMISTRY IN SOIL-WATER SAMPLES FROM THE RWMC

Lys meter
Number

Date
Sampled

Na
f

K
kagyAl

Ca
(mg/L)

IIg

iT5/0

5i02 B l.i
(mq/L)

Sr11003
(mq/L) (mq/L) 4111 (mg/11

CL
(m41/1.) (mq/L)

504
(019/L)

Br
(ma/L)

PO4
Imq/L)

TOSa
(ma/L) 

DL02 9/02/87 1652.10 36.14 488.31 371.98 81.40 0.00 0.10 2.93 0.51 125.00 3150.00 0.50 1430.00 0.00 2.04 7315.00
DL04 9/10/87 63.35 6.65 116.44 26.79 76.94 0.05 0,10 0.25 0.00 297.00 135.00 0.38 131.00 7.70 0.00 686.00
tol 9/03/87 152.62 1.19 34.75 10.53 76.99 0.16 0.00 0.27 0.06 408.00 34.00 1.50 97.00 0.(10 0.00 598.00
L02 9/04/87 3920.00 26.35 2434.75 1465.00 79.80 0.00 0.11 16.18 1.06 196.00 12,500.00 0.34 0.00 0.00 0.00 23,128.00
103 9/05/87 438.83 2.80 61.81 21.47 67.75 0.14 0..06 0.45 0.51 1307.00 5.00 0.72 139.00 0.00 0.00 0.00
L04 9/04/86 381.49 3.64 81.01 45.32 72.03 0.24 0.08 0.81 0.49 1213.00 11.00 1.40 194.00 a.an 0.00 1294.00
108 4/04/87 1534.76 11.16 416.87 104.87 84.33 0.46 0..07 1.89 0.48 540.00 1465.00 0.35 2063.00 (Lao 0.00 6222.00
L09 9/02/87 949.65 5.99 58.16 35.83 87.33 0.62 0.08 0.84 0.31 1184.00 524.00 0.95 658.00 0.00 0.00 3170.00
113 4/04/87 320.98 18.00 126.15 79.43 78.46 0.28 0.06 1.37 0.32 727.00 75.00 0.75 654.00 0.00 0.00 1848.00
1.15 4/08/87 716.75 5.16 77.59 44.88 75.19 1.52 0.00 0.64 0.00 15611.00 153.00 2.00 372.00 0.00 0.00 2392.00
L16 9/03/87 751.40 4.34 69.05 41.75 70.13 1.23 0.00 0.63 0.00 1621.00 173.00 2.10 377.00 0.00 0.00 2388.00
117 9/03/87 820.82 7.23 215.82 112.23 87.75 0.11 0.16 1.87 0.00 893.00 239.00 0.71 1690.00 0.00 0.00 3818.00
L19 9/03/87 127.25 2.47 69.31 23.29 79.03 0.06 0.00 0.47 0.16 152.00 17.00 0.73 355.00 0.00 0.00 792.00
120 9/03/87 30.98 2.70 90.58 29.06 91.32 0.06 0.00 0.73 0.00 129.00 5.00 0.48 293.00 0.00 0.00 668.00
L21 9/14/87 106.46 5.10 61.55 16.23 72.82 0.00 0.00 0.35 0.08 388.00 1.40 0.73 150.00 0.00 0.00 0.00
L23 9/08/87 45.34 3.95 108.32 49.72 74.62 0.07 0.00 0.97 0.00 458.00 42.00 0.24 167.00 0.00 0.00 3094.00
L24 9/03/87 335.87 3.16 61.96 39.67 72.97 0.10 0.00 0.41 0.00 47.8.00 136.00 0.40 467.00 0.00 0.00 1438.00
125 9/03/87 2862.50 14.18 2060.25 1664.00 74.77 0.56 0.13 15.24 0.44 193.00 10,900.00 0.30 2060.00 0.93 0.00 20,390.00
126 9/03/87 3785.00 18.70 1258.25 1127.00 84.72 1.37 0.18 14.03 0.84 231.00 9075.00 1.10 2290.00 0.00 0.00 17,670.00
127 9/04/87 241.19 2.72 34.57 16.87 77.88 0.27 0.00 0.26 0.13 479.00 17.00 0.97 257,00 0.00 0.00 900.00
L28 9/04/8/ 36.77 4.60 114.86 48.39 76.03 0.08 0.00 1.10 0.07 453.00 34.00 0.35 169.00 0.00 0.00 744.00
129 8/27/87 173.00 6.50 17.24 67.75 71.96 0.29 0.04 1.00 0.15 213.00 74.00 0.95 348.00 0.01 0.00 1236.00

a. Total dissolved solids.



004 was the only FY-1987 installed lysimeter sampled. The presence of

bromide in the OL04 chemical data suggests that the water used during

borehole construction and instrumentation is still present in the immediate

vicinity of the lysimeter.

Overall, the soil waters from the RWMC chow a broad range in

composition. The only parameter to show consistency is dissolved silica.

The recorded concentrations are indicative of equilibration between the

soil water and the silica flour emplaced during hnrahnla construction and

instrumentation, and not the result of natural soil processes.

Elevated concentrations of Na, K, ra, Mn Cl, SO4  anri total

dissolved solids were recorded for five soil water samples collected from

lysimeters OL02, L02, L08, L25, and L26. The five lysimeters are located

randomly over the AWMr_ Natural exchange prnrsicette retuld  11 r  for

part of the Na, K, Ca, Sr, and total dissolved solids detected in these

lysimeters. It is known that a magnesium chloride solution was used to
treat roads for duet suppression at the RWMC. All those lysimeters e 

0L02 are located in boreholes near treated roads. It is possible that the

MgCl treatment has influenced the chemistry of soil waters near these

rnads. HnwPvPr, it choulrl he pointed out that there are other alampla.J

Table 4) that show low concentrations of magnesium and chloride, even

though they, too, are located in close proximity to these roads.

No apparent trends exist for other ions showing elevated

concentrations. At the present time, the number of analyses for individual

lysimetersic insufficient to show any 4n044"..A*m theor 
71,11WVI$W1  aVvvc

mentioned lysimeters show consistently high specific ion concentrations.

Two or three samplings per year would allow for the analysis and detection

of trends, ac well AC the evaluation

fluctuations.

of so.ennal soil water

TwP1vP snil wafer sample; collected

chel"i tpl

finnm
i 3 VM 1y I MW 6W i 7UCrC a uuj t,= +0u

radiochemical analyses. The results of these analyses are presented in

Section 5.6.
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5.3 Organic Vapor Characterization

5.3.1 Introduction

Organic constituents were detected in water samples collected from

RWMC aquifer monitoring wells and by personnel involved in drilling

operations during FY-1987. These findings resulted in modifications to the

Subsurface Investigations Program and implementation of a new specific

study, Organic Vapor Characterization. The work done as a part of this new

study has produced a significant set of data that will require further

integration with the RWMC Subsurface Investigations Program. The following

discussion summarizes the results of the activities initiated late in

FY-1987 and early in FY-1988 in response to the detection of organic

constituents at the RWMC.

5.3.2 Summary of Accomplishments

Water samples were collected from RWMC aquifer monitoring wells and

analyzed for the presence of organic compounds. Organic vapors were

detected emanating from boreholes drilled during the deep drilling

activity. A survey of organic wastes stored at the RWMC was conducted. A

soil gas survey was conducted, and samples collected during the survey were

analyzed.

5.3.3 Discussion

In response to a DOE request, groundwater samples were collected in

June, July, and August 1987 from wells in and associated with the RWMC.

Samples were analyzed for 36 purgeable organic constituents (Table 5):

Concentrations of carbon tetrachloride (CBT), chloroform, 1,1,1

trichloroethane (TCA), and trichloroethylene (TCE) were found above

detection limits in several RWMC wells (see Table 6), although all samples

but one were below proposed EPA maximum concentration levels of 5 pg/L for

drinking water. Locations of the RWMC production well, perched water
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TABLE 5. PURGEABLE ORGANIC COMPOUNDS FOR WHICH ANALYSES WERE PERFORMED

Benzene
Bromoform
Carbon tetrachloride
Chlorobenzene
Chloroethane

2-Chloroethyl vinyl ether
Chloroform
Chloromethane
Di bromochloromethane
Di chlorobromomethane

1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluromethane
1,2-Dibromoethylene

1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethylene
1,2-trans-Dichloroethylene
1,2-Dichloropropane

Cis-1,3-Dichlorooropene
Trans-1,3-Dichloropropene
1,3-Dichloropropene
Ethylbenzene
Methyl bromide

Styrene
Methylene chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene

Trichlorofluoromethane
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Vinyl chloride

Xvlenes, mixed

well 92, and aquifer wells 87, 88, 89, and 90 are shown in Figure 24.

Wells 9, 105, and 109 are located about 2 miles south of the RWMC near the

INEL boundary, and well 86 is located about 4 mi west of the RWMC.

Resampling of the RWMC aquifer monitoring wells and the RWMC

production well was performed in October 1987 under rigorous sample

collection and quality assurance/quality control procedures. Duplicate

samples were provided to EG&G Idaho subcontractor laboratories and the

USGS Laboratory in Denver.

The analytical results show repeatable detections of organic

constituents in water samples from RWMC aquifer wells 87, 88, and 90, and

significantly high concentrations in perched well 92 water samples.

Well 88, which lies downgradient from the RWMC with respect to aquifer

flow, showed the highest concentrations of volatile organic compounds
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TABLE 6. RWMC AND VICINITY GROUNDWATER MONITORING RESULTS (pg/L)a

crs
r..)

Well
Number 

Date
Sampled 

Carbon
tetra-
chloride Chloroform

1,1,1-
Tric:hloro-

ethane
Trichloro-
ethylene

Tetrachloro-
ethylene

0ichloro-
difluoro-
methane Toluene

1,1-
Dichloro-
ethane

1,1-
Dichloro-
ethylene Remarks

--
40 minutes of pumping
1 hour of pumping
2 hours of pumping
3 hours of pumping
4 hours of pumping
--
--

QA Replicate

1,1,2,2-Tetrachloro-
ethane, 1.0 ugh
1,2-Dichloropropane,
5.9 ugh
Equipment blank for
well 92;
styrene, 0.5 &9/L

87

88

89

90

9

86

105

109

9213

_

06/03/1987
08/11/1987
09/23/1987

06/03/1987
07f08/1987

07/15/1987
08/11/1987
09/22/1987

06/03/1987
08/12/1987
09/22/1987

06/03/1987
08/11/1987
09/23/1987

07/30/1987
10/05/1987

08/04/1987
10/06/1987

07/30/1987
09/28/1987

07/31/1987
10/05/1987

10/23/1987

10/22/1987

3.0
0.3
0.7

6.6
2.7
3.2
3.1
2.9
2.8
4.4
2.1
2.9

3.0
0.2
0.2

3.0
0.6
0.8

0.2
0.2

0.2
0.2

0.2
0.2
0.2

0.2
0.2

1,200

0.2

3.0
0.2
0.2

3.0
0.2
0.2
0.2
0.2
0.2
1.0
0.4
0.7

3.0
0.2
0.2

3.0
0.2
0.2

0.2
0.2

0.2
0.2

0.2
0.2
0.2

0.2
0.2

650

0.2

3.0
0.2
0.2

3.0
0.6
0.7
0.7
0.6
0.6
0.9
0.4
0.5

3.0
0.2
0.2

3.0
0.2
0.2

0.2
0.2

0.2
0.2

0.2
0.2
0.2

0.2
0.2

140

0.2

3.0
0.2
0.2

3.0
1.1
1.2
1.2
1.2
1.2
1.4
1.2
1.1

3.0
0.2
0.2

'3.0
0.2
0.3

0.2
0.2

0.2
0.2

0.2
0.2
0.2

0.2
0.2

860

0.2

3.0
0.2
0.2

3.0
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

3.0
0.2
0.2

3.0
0.2
0.2

0.2
0.2

0.2
0.2

0.2
0.2
0.2

0.2
0.2

110

0.2

3.0
0.2
0.2

3.0
0.3
0.2
0.2
0.2
0.2
0.2
0.2
0.2

3.0
0.2
0.2

3.0
0,2
0.2

0.2
0.2

0.2
0.2

0.2
0.2
0.2

0.2
0.2

0.2

0.2

3.0
0.2
0.2

3.0
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

3.0
0.2
0.2

3.0
0.2
0.2

0.3
0.2

0.2
0.2

0.2
0.2
0.2

0.7
1.0

0.2

0.2

1.0
0.2
0.2

3.0
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

3.0
0.2
0.3

3.0
0.2
0.2

0.2
0.2

0.2
0.2

0.2
0.2
0.2

0.2
0.2

13

0.2

3.0
0.2
0.2

3.0
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

3.0
0.2
0.2

3.0
0.2
0.2

0.2
0.2

0.2
0.2

0.2
0.2
0.2

0.2
0.2

0.8

0.2



TABLE 6. continued

Carbon 1,1,1-• Dichloro- 1,1- 1,1-
Well Date tetra•- Trichloro- Trichloro- Tetrachloro- difluoro- Dichloro- Dichloro-
Number Sampled chloride Chloroform ethane ethylene ethylene methane Toluene ethane ethylene

06/03/1987 3.0 3.0 3.0 3.0 3.0 3,0 3.0 3.0 3.0
08/11/1987 1.0 0.2 0.2 0.5 0.2 0.2 0.2 0.2 0.2
09/23/1987 1.3 0.2 0.3 0.5 0.2 0.2 0.2 0.2  0.2
10/14/1987 1.5 0.2 0.5 0.6 0.2 0.2 0.2 0.2  0.2

a. Analytical results in ug/L (micrograms per liter); indicates the concentration was less than the reporting level,

b. Well 92 taps a perched water body; these samples were not taken from the Snake River Plain Aquifer.

Remarks



89 0

87 o

Pad A

SDA

O USGS aquifer sampling wells

A Perched water sampling well

RWMC production well

0 88

20

Feet
0 400 800 1200

o 100 200 300 400
Meters

RWMC
• production well

TSA
Pad 1

Figure 24. Locations of RWMC aquifer wells and disposal pits.

o90

TSA

11-71711



(VOCs) in the aquifer, primarily carbon tetrachloride, trichloroethylene,

and 1,1,1-trichloroethane. RWMC well 89 and well 90 indicated organic
r-elnre.n+ ,..n+inne neamr, *kiN r4O+mr-4-4nn 14m4+

liC.1...V1,41. 111141 ,4.

The subsurface drilling activities continued, as originally planned,

through the summer and into the fall until September 24, 1987, when the

casing for borehole D02 was pulled up from the basalt below the 110-ft

interbed, exposing several inches of the interbed. At that time, the field
 4-^A
11.iwifo=u m a6lynv vivmem. VWUI I[VM {4H= 7..asIIIat land

surface. The following day, organic odors were detected during drilling

operations on borehole D10. The vapors were first noticed when the 110-ft
n4.^1,0,..,A n+ Aeilvarvuu Wcia, en couu,ereu. Gas grab samples were collected on September 25

from boreholes D10 and D02 (Table 7). These samples confirmed the presence

of VOCs. Additional gas grab samples were taken on September 29 and 30.

Tables 8 and 9 document the results of these sampling efforts. 11I I 3amplcm.

were analyzed with a GC/MS by the Chemical Sciences Laboratory at the INEL.

w-li on s- r-te r, ------, -z
'Nei! 02 L14t.1 4flU UtMV,11,M1 GU 040 lb CIAW beverdt ut Liver;

hole above the water table. Gas grab samples obtained from this well

showed positive results (Table 8), indicating the presence of VOCs as deep

as S7O ft in the vadose zone.

LIM

These findings in both the groundwater and the vadose zone provided

impetus to further investigate the potential sources of the VOCs and

assess the extent of VOC migration. The RWMC waste inventory was

thoroughly reviewed so that the source(s) of the VOCs could be identified,

and a soll-gas survey was cofluot.t,eu.

5.3.3.1 Examination of Disposal Records. An effort to estimate the

types and quantities of hazardous materials disposed of at the RWMC SDA was

conducted. The following compilation of data is based on a number of

sources. The first, and most extensive, is the Radioactive Waste

Management Information System Database. Other sources include responses to
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TABLE 7. RESULTS OF ANALYSIS OF GAS SAMPLES FROM BOREHOLES D02 AND D10
(ug/L) (Groenewold and Pink, 1987)

D02 010 TWAa

Chloroform 210 9 12 501

1,1,1-Trichloroethane 95 14 15 45S'1

C T
Carbon Tetrachloride 900 130 140 30'''

Trichloroethylene 220 34 38 2701

TotrarhlArnothylanA 20 9 9 13 I

Toluene __ --

a EPA time weighted average values.

S Occupational exposure to skin.

I Occupational exposure for inhalation.

TABLE 8. BOREHOLE GAS SAMPLE ANALYSIS RESULTS (ug/L)
 . lA ,.A 174.i, 100/A

1;/1.1/)

Field
Borehole D02 D10 89 002a DlOa 118a Blank

Chloroform 230 4 1 0.4 N.D.
b

N.D. 0.9

1,1,1-Trichloroethane 120 11 0.8 0.4 N.D. N.D. 2.0

Carbon Tetachloride 1000 200 8 3 N.D. N.D. N.D.

Trichloroethyene 380 17 3 0.5 N.D. N.D. N.D.

Tetrachloroethene 62 7 0.4 N.D. N.D. N.D. N.D.

Toluene 0.3 ••••

a. Working level around hole; sample drawn approximately 3 ft above the
opening of the borehole.

b. Not detected.
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TABLE 9. SDA GAS SAMPLE ANALYSIS RESULTSa (ug/L)

1-7
.1.iriL 

Pad A Pad A Pit 17 Blasting
Location

Chloroform

Control South 

2

North West-Wall Area

b
N.D. N.D. N.D. N.D.

1,1,1-Trichloroethane N.D. 1 0.3 N.D. N.D.

Carbon Tetrachloride N.D. 17 N.D.
c

N.D.

Trichloroethene N.D. 5 N.D. N.D. N.D.

Tetrachloroethyene N.D. 0.5 N.D. N.D. N.D.

Tolune N.D. 1 N.D. N.D. N.D.

a. Working levels.

b. Not detected.

c. The sample was cross-contaminated during analysis.

a request by the RWMC for estimates on halogenated solvents disposed of at

thy' RWMC_, intPrviPwc with wactp managompnt personnel familiar with the

history of RWMC operations, and estimates of Rocky Flats Plant (RFP)

transuranic waste disposed of at the RWMC.

The information presented in Table 10 represents an estimate of the

amount and types of hazardous materials disposed of at the RWMC, based

primarily on past database records_ Rased on this estimate, the total

volume of potentially hazardous waste buried in the SDA is 49,080 cubic

feet. This includes an estimated 11,816 cubic feet of buried TRU organic

wastes. Major contributors to this volume, other than the organics from

transuranic (TRU) waste, include 23,400 gallons of oils in Oil-Dri, 10,200

gallons of acids in various absorbent materials, 27,600 gallons of sodium

(in contaminated pipe), and 6,00 gallons of caustic material, In

addition, 53,700 gallons of Santo Wax from the Organic Moderated Reactor
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TABLE 10. ESTIMATES OF HAZARDOUS MATERIALS DISPOSED OF IN THE RWMC
SUBSURFACE DISPOSAL AREA

Material

Volume

(M3)

Volume

(ft)3
Volume
(gal)

Ragsa 128 4,500 N/A
Oil (in absorbent) 89 3,100 23,400
Land 170 A 100_, N/A
Asbestos/Lagging 100 3,500 N/A
Ethylene Glycol 1.5 50 390
Mercury 8.5 300 2,240
Acids (HF, HC1, etc. in absorbent) 38 1,400 10,200
Organics (Ether, etc.) 25 900 6,700

Santo Wax
b

200 7,100 53,700
Sodium, Sodium compounds and pipe 105 3,700 27,600
Batteries 0.5 20 N/A
Benzene 0.1 3 20
Animal Carcasses and Feces 71 2,500 N/A

Vehiclesc 24 860 N/A
Cyanide <0.01 <0.35 N/A
Meat w/Botulinus 0.05 0.25 N/A
Tritium Vials 2 64 N/A
Zirconium Chips 30 1,100 N/A
Caustic Compounds 26 930 6,900
(NaOH in absorbent, etc.)

Paint Chips & Cans 6 210 1,600
Gasoline (absorbed) 5 180 1,300
Ammonia Bottles 0.2 7 N/A
Thallium Oxide <0.1 <3 -N/A
TRU Texaco Regal Oil 148 5,215 39,018
TRU Carbon Tetrachloride 92 3,263 24,413
TRU Other Organics 94 3,338 24,968

Total (approximate) 1 100
4,J1-1g

AO non
TJ,VEJV

/99,Imnd

a. The quality identified assumes 5% of the total rag inventory at the
RWMC is oil/solvent soaked.

b. Santo Wax is from the Organic Moderated Reactor Experiment (OMRE); it
may not be a hazardous material.

c. Vehicles disposed of at the RWMC were assumed to be driven intr. the
pits with fuel, oil, antifreeze, and batteries left in place. The volume
indicated represents 5% of the total vehicle volume.

d. Gallons are not volume equivalent due to some solid materials.

N/A Volume, in gallons, is an inappropriate measure for these materials.
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Experiment (OMRE) was disposed of, although it may not be a hazardous

material. A complete list of the materials is provided in Table 10.

Most of the TRU-contaminated organic wastes from RFP was received as

Organic Setup sludges. These sludges are liquid organic wastes that are

mixed with calcium silicate to form a grease or paste-like material.

Normally, small amounts of absorbent, such as Oil-Ori, are also mixed with

the waste. These organic wastes are mainly lathe coolant [machining oil
and carbon tetrachloride, trichloroethylene, and tetrachloroethylene

(PCE)]. Of this material, approximately 24,400 gallons are estimated to be

carbon tetrachloride. The remaining volume consists of approximately

39,000 gallons of Texaco Regal Oil used in machinery processes and 25,000

gallons of miscellaneous organic wastes (1,1,1-trichloroethane,

trichloroethylene, tetrachloroethylene, and lubricating oils). Prior to

1971 or 1972, this mixture was wrapped in plastic bags and placed in

55 gallon drums. Since 1972, 90-mil rigid polyethylene drum liners have

been used inside the 55 gallon drums. All TRU waste received prior to 1970

was disposed in the SDA. Receipt of organic wastes from RFP began in

August 1966. During 1967-68, the backlog of organic waste (primary lathe

coolant) generated during 1953-66 at RFP was processed and shipped to the
RWMC for disposal. The RFP organic wastes currently exist in Pits 4, 5, 6,

9, and 10 (Figure 24), although the quantities and exact disposal locations
within each pit are uncertain.

Because of the lack of data, some potentially hazardous materials were
not included in Table 10. These are:

• Sludges (sewage, evaporator, tank bottom, etc.)

• Resins

▪ Acid pit contents.

Sludges and resins were not included because of the diversity in
sources, and, consequently, the variety in potential constituents. Acid
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pit contents were not included because of lack of data. Preliminary

interviews indicate that routine disposal of free liquid "cleaning

solutions" occurred during the 1960s, but actual volumes and contents are

uncertain.

As presented, the table represents a conservative estimate of the

hazardous constituents in the SDA. Further efforts to quantify and

categorize materials are underway.

5.3.3.2 Soil-Gas Survey.. Golder Associates of Redmond, Washington,

was contracted to perform the soil-gas survey. The purpose of the survey

was to determine the identity, location, and relative concentration of

selected chlorinated and aromatic VOCs in the vadose zone at the RWMC and

adjacent areas.

To provide a comprehensive analysis of the SDA, a grid with 200-ft

spacing in north-south and east-west directions was defined. The grid

covered the SDA and the TSA and extended approximately 600 ft beyond the

fence of the SDA. All of the grid points inside the SDA were sampled.

Sampling of the grid generally stopped one row beyond the SDA fence, In

addition to the grid locations, 63 supplemental locations were sampled.

Many of these locations were selected to better define areas where high

levels of VOCs were detected.

5.3.3.3 Sampling Procedure. Soil gas was extracted by installing a

5/8 in. OD carbon steel pipe into a 1/2 in. hole drilled approximately

30 in. into the ground using a hand-held electric drill. One end of the

pipe was fitted with a metal cap to prevent clogging, and the pipe driven

into the hole with a sliding hammer. The cap was then displaced using a

steel rod inserted through the pipe. A battery operated pump was attached

to the top of the probe using a stainless steel quick-connect coupler and

surgical rubber tubing. Three to ten pipe volumes were pumped from the

probe. An organic vapor analyzer (OVA or HNU) was used to monitor the

discharge from the sampling pump. Gas concentrations in the discharge

stream stabiliied very quickly. The gas sample was collected from just
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inside the stainless steel quick-connect by inserting a hypodermic needle

on a glass syringe through the surgical tubing. The syringe was then

sealed and transported to the field analytical laboratory.

Exceptions to this procedure occurred at the west end of the SDA and

where previously installed access tubes existed. At the west end of the

SDA, sample probes were driven only 12 in. into the ground because of

concern for transuranic waste near the surface. Gas samples were collected

from holes 77-1 78-1, and WWW-1, by pumping through the existing 1/4 in.

ID tubing. Samples from neutron access tubes, pits 19 and 20, and within

stored transuranic waste in the ISA were collected by lowering a 1/4-in. ID

stainless tube down the existing access tube, sealing the top of the access

tube, and pumping the sample from the bottom of the access tube.

5,33,4 Gas Analysis_ Analysis of soil oas samples was performed in

a field laboratory set up in a trailer immediately to the north of the

SDA. Analyses were performed with an HNU Model 321 field gas chromatograph

OC). Tha GC was equipped with two silica capillary columns and electron

capture and photoionization detectors. Standard mixtures of VOCs were

prepared by serial dilution of pure chlorinated and aromatic compounds in

elf-Apr-Ana nr hexane. Soil aas samples were directly injected into the -GC

for analysis and the response compared to those of VOC standards. Each

sample was screened for 10 chlorinated and two aromatic compounds

(Table 11). Chloroform was intended for analysis, but in most

chromatograms, the elution of chloroform was obscured by large,

concentrations of 1,1,1-trichloroethane and carbon tetrachloride.

Therefore_ nn chloroform results are reported from the survey.

A major concern of quality control is to ensure that there is no

rarry-nvpr of VOCs between samples from contamination of sampling probes,

the sampling train, or syringes. All syringes were cleaned using hexane

and heated in an oven at 100°C for 10 to 15 minutes before reuse. After

cleaning, the syringe was tested by pulling ambient air into the syringe

and injecting into the GC. If VOCs were detected by the GC, the syringe

was cleaned again. To check for possible cross contamination in the

sampling train, blank samples were collected by pulling air through a probe
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TABLE 11. TARGET COMPOUNDS FOR THE RWMC SOIL GAS SURVEY

Compound
Detection Limit

(u/L)

1,1,1-Trichloroethane 0.01
Carbon Tetrachloride 0.01
Trichloroethylene 0.01
Tetrachloroethylene 0.01

1,1-Dichloroethylene 0.6
Methylene Chloride 0.6
1,2-Trans-Dichloroethylene 0.6
Trans-1,3-Dichloropropene 0.5
1,2-Dichloropropane 0.6
1,1,2-Trichloroethane 0.6

Benzene 1.0
Toluene 1.0

before installing it in the ground. This sample was then analyzed with the

GC. Twenty four such samples were collected and showed that, at most,

barely detectable quantities of VOCs were carried over between samples.

In addition, grab air samples were collected during the investigation

by INEL personnel and independently analyzed for VOCs. Initial comparisons

of the Golder and INEL data are consistent with one another. Further-

analysis of these data sets is continuing.

5.3.3.5 Results. Of the 12 compounds screened by the survey

(Table 11), only four were identified: 1,1,1-trichloroethane, carbon

tetrachloride, trichloroethylene, and tetrachloroethylene. As indicated

above for chloroform, the GC is not capable of analyzing a complete suite

of compounds under all conditions. The numbers generated by the survey

give an accurate indication of the relative amounts of VOCs in soil gas at

the RWMC, but they do not provide a rigorous quantitative analysis of all

the organic compounds. A summary of the soil gas survey data is provided

in Appendix C.
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An evaluation of the four primary constituents indicated that

concentrations of carbon tetrachloride correlate closely with

concentrations of trichioroethylene and tetrachloroethylene. Figures 25

and 26 show that most of the samples with high concentrations of carbon

tetrachloride also have high concentrations of trichioroethylene and

tetrachloroethvlene. This relationship suggests that these constituents

are mixed together at the source(s). However, the correlation between

carbon tetrachloride and 1,1,1-trichloroethane (Figure 27) is substantially

different. A significant percentage of the samples high in rarhnn

tetrachloride did not contain detectable levels of 1,1,1-trichloroethane,

and vice versa, while some samples contained both constituents in nearly

equal proportions. These results suggast that there may ha some cntirrpc

where both constituents occur mixed in near equal proportions and other

sources where they occur separately within the SDA. Additional analysis of

these data is necessary to address the cpprifir phyciral and chemical

properties of each constituent. This additional effort will be performed

in support of the computer modeling activities in FY-1988.

The spatial distribution of carbon tetrachloride is shown in

Figure 28. The distributions of trichioroethylene and tetrachloroethylene

(see FigurPc 29 and 1n) are similar to the /1“frihill'inn of carbon

tetrachloride. Of these three, carbon tetrachloride is the most prevalent

and tetrachloroethylene the least prevalent. These compounds exhibit -

highest concentrations near t.ha cntithern and of Pit 9 the northern end of

Pit 5, the eastern end of Pit 4, and the western end of Pit 10 (compare

Figure 24). A lesser area of contamination by these three compounds occurs

at and near Pit 2. Whether this area it a source area nr just an area

where organic vapors accumulate is not clear. Only carbon tetrachloride

appears to show movement of plumes away from the pits. There is a

concentration of carbon tetrachloride under the drainage ditch along the

north boundary of the SDA, and there may be a plume moving to the southwest.

1,1,1-trichloroethahp showed a behavior different from the+ of the

other three VOCs (Figure 31). The highest concentrations of

1,1,1-trichloroethane were found in the southern end of Pit 5, the middle
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of Pit 3, and near the southeast corner of the SDA. High concentrations of

1,1,1-trichloroethane were also found associated with Pit 2, Trenches 24,

29, and 32, and Pit 4. (Trenches 24, 29, and 32, not shown on Figure 24,

are located east of Pit 2 and north of the west end of Pit 4.) The area of

Pit 4 highest in 1,1,1-trichloroethane does not correspond to the area

highest in carbon tetrachloride.

Samples were collected from access tubes in the TSA pad and neutron

access tubes installed in the SDA. At the TSA pad, moderate concentrations

of carbon tetrachloride, trichloroethylene, and 1,1,1-trichioroethane were

found. The neutron access tubes are open only just above the basalt; this

removes the effects of overlying soil on VOC concentrations. Values

measured in the neutron access tubes were generally higher than soil gas

concentrations measured nearby but followed the trends shown by the

shallower samples.

Soil gas samples were also collected along roads running to the north,

east, south, and west of the SDA. Detectable levels of carbon
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tetrachloride were found 2500 ft north, 3400 ft east, 1900 ft west, and
2200 ft south of the SDA fence. Only the northernmost sample did not have
detectable concentrations of VOCs.

Figure 27 shows that some soil gas samples from the RWMC contained

carbon tetrachloride but no 1,1,1-trichloroethane. Other samples contained

1,1,1-trichloroethane but no carbon tetrachloride. A third group of
samples showed a near 1:1 ratio of carbon tetrachloride to

1,1,1-trichloroethane. Whether this indicates three distinct source
materials, two pure source materials which mix, or some other possibility
is not clear. Figure 32 shows the spatial distribution of these samples.
The areas of pure 1,1,1-trichloroethane are generally surrounded by areas
of gas mixtures. This suggests that samples with both carbon tetrachloride
and 1,1,1-trichloroethane are the result of gas mixing in the subsurface.
However, the samples from the TSA also show a 1:1 gas mixture. This area
is aboveground on an asphalt pad, and all gases sampled from the TSA likely
originated in the TSA. Therefore, some of the source material probably
contains a mixture of both organic compounds. Additional analysis of the
data is necessary to determine the types and extent of sources of VOCs at
the RWMC.

The results portrayed in Figures 28 through 32 are not fully

consistent with the existing REP source term data. Therefore, additional

identification of source term data is needed. Some of the VOCs may be
coming from wastes that originated at the INEL.

Samples collected from three deep boreholes at the RWMC (gas sampling
holes 77-1, 78-4, and WWW-1; see Figure 13 for locations of these holes)
indicate the VOC concentrations with depth. Each of the three holes is
instrumented with gas sampling ports at multiple depths. Table 12 shows
that maximum concentrations generally occur at depths near 100 ft (80 to
150 ft). Concentrations drop off at depths greater than about 170 ft, but
detectable concentrations were measured in all samples, including a sample
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TABLE 12. RESULTS OF ANALYSIS OF DEEP BOREHOLE GAS SAMPLES TAKEN DURING SOIL GAS SURVEY (i g/L)

Sample
Bore- Depth Carbon Tri Tetra

East North h1,1-Trichloroethane Tetrachloride Chloroethylene Chloroethylene_hole

WWW1-1 -1600 1800

_itI)

15 <0.01 8.8 1.6 0.4
WWW1-2 -1600 1800 48 <0.01 8 1.2 0.4
WWW1-3 -1600 1800 74 <0.01 30 3.8 0.9
WWW1-4 -1600 1800 112 P 6.6 1 0.4
WWW1-5 -1600 1800 135 P 28 4 1
WWW1-6 -1600 1800 180 P 3 2 0.4
WWW1-7 -1600 1800 240 <0.01 0.9 P P

77-1-2 2175 2900 171 P 2.3 0.04 0.1
,4
cp 77-1-3

77-1-4
2175
2175

2900
2900

153
112

5.0
5.0

20.0
20.0

5
4

2.4
1

77-1-5 2175 2900 104 0.8 4.0 0.9 0.4
77-1-6 2175 2900 66 7.0 4.0 8 2

78-4-1 2175 2975 335 <0.01 0.6 0.04 0.04

78-4-2 2175 2975 253 <0.01 2.0 0.03 0.03
78-4-3 2175 2975 227 <0.01 0.1 <0.01 <0.01
78-4-4 2175 2975 118 <0.01 26.0 6 2
78-4-5 2175 2975 78 <0.01 36.0 9 2

Note: P indicates that the constituent was detected at an unquantified level.



collected at 355 ft. The elevated concentrations at depths around 100 ft

are consistent with modeling results that suggest the interbed at 110 ft is

a major pathway for organic vapor migration.

5.3.3.6 Conclusions. Based on the analysis of VOC concentrations in

soil gas at the RWMC, carbon tetrachloride, 1,1,1-trichloroethane,

trichloroethylene, and tetrachloroethylene are migrating from a number of

the

and

pits, The major sources of organic compounds are Pits 4, 5, 6, 9,
1"lu. Soil yds LonLentrations measured immediately adjacent to the pits,

but not over the pits, showed markedly lower concentrations, indicating a

definite source within the pits. Measurable concentrations of VOCs occur

in suil gasses at distances from 2000 to 3400 ft from the SDA fence.

Analysis of gasses collected at depth under the SDA indicate maximum gas

concentrations around 100 ft, and measurable concentrations down to 576 ft.

5.4 Net Downward Flux

5.4.1 Introduction

The objectives of this study are to determine the volume and rate of

moisture inflow through the SDA surface, identify pathways of moisture

migration, characterize the effect of lithologic interfaces on moisture

movement, and develop data describing moisture entry into the ground and

moisture movement through the unsaturated zone for verification of a

simulation model.

This study is using in situ field equipment to measure and monitor
soil water content at the RWMC. The intent is to define the volume and

rate of moisture movement into and through the unsaturated zone and to

delineate moisture migration pathways through the unsaturated zone. These

data will be used to field calibrate a model to predict long-term migration

of radionuclides in the unsaturated zone. The study will require.

instrumentation throughout the SDA to characterize moisture availability,

variability, and movement.
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5.4.2 Summary of Accomplishments

Two deep boreholes were instrumented with heat dissipation sensors and

suction lysimeters in FY-1987. A suction lysimeter and three heat

dissipation sensors were installed in the 110-ft and 240-ft interbeds in

borehole TW1 and the 30-ft, 110-ft, and 240-ft interbeds in borehole D15.

Three additional heat dissipation sensors were installed in borehole D15 in

the lower portion of the 110-ft interbed. Readings were taken from

twenty-three instrumented shallow monitor holes, two neutron access tubes,

and three deep boreholes on a monthly basis. Approximately 270 readings

were taken each month from these instruments. A data base was set up to

store the data collected from this program. Data were stored on an IBM-AT

using the DBASE III software package. An initial analysis of the existing

data was performed. A discussion of the trends and conclusions from this

analysis is presented along with recommendations for further work.

5.4.3 Discussion

Data collection from instruments installed for the RWMC Subsurface

Investigations Program began in June, 1985. To date, 34 holes have been

completed and 266 instruments installed. The instruments include

59 psychrometers, 98 heat dissipation sensors, 50 gypsum blocks,

19 tensiometers, 39 porous cup lysimeters, and 2 neutron access tubes.

Data from these instruments (except lysimeters) are collected monthly. In

total, more than 10,000 measurements and matric potential values have been

collected.

Two days of field time are required to read the instruments. Only the

psychrometers are read with a data logger, and these readings may be taken

without a person present. Readings from the other instruments are taken

visually from meters attached to the instruments. Readings are recorded in

the field and entered onto the RWMC database. Readings from the

psychrometers are downloaded from the data logger directly into the RWMC

database. Each month, 270 readings are taken from instruments within the

RWMC.
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To accommodate large volume of collected data, the RWMC Data

Management System (RWMC-DMS) was established. This database system has

program applications and special routines that were constructed using the

DBASE III Plus software package. Based on an IBM-AT, the RWMC-DMS may be

used to quickly and easily store the collected data, organize and retrieve

specific information, and print selected reports to either printer or disk

files. Files generated by the RWMC-DMS may also be transferred to other

software packages such as LOTUS 1-2-3 or Minitab for analysis.

Separate database files are used to store measured data for each type

of instrument. Two more database files contain basic information (dates,

coordinates, etc.) for each hole and calibration information for each

instrument. The RWMC-DMS is menu driven, providing simple and easy

movement from one database to another. Selections from these menus provide

basic functions such as adding and deleting information, or editing and

viewing specific entries. Searching and organization may be conducted on

any of the data fields using the built-in indexing options. Special

applications are still permitted using standard DBASE TIT Plus rommandc,

and new routines and utilities may be easily added to the existing RWMC-DMS

directory. Appendix 0 lists the structure for each major database file

utilized by the RWMC-DMS.

The following sections (Sections 5.4.3.1 through 5.4.3.7) present an

analysis of field data collected through November 1987 and recommendations

for further analysis. As a quality control measure, the data base has been

checked against the field record sheets for correct dates and readings.

Because of the large volume of data; only selected portions of the data ran

be presented in this discussion. The bulk of the analyzed data is

presented in the appendixes in graphical form.

The data from tensiometers, gypsum blocks, heat dissipation sensors,

psychrometers, neutron logging, and porous cup lysimeters are presented and

discussed individually. Each instrument section describes the incfrnmant,

explains and evaluates its performance, analyzes the measurement data, and

discusses the relative quality and usefulness of the data.
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The data from the tensiometers, gypsum blocks, heat dissipation
sensors, and psychrometers are presented in the form of matric potentials.
Matric potential is a negative pressure potential (less than atmospheric
pressure) which results from the combination of capillary and adsorptive
forces within the soil matrix. The negative pressure potential may be
expressed in negative pressure units (as a matric potential) or in positive

pressure units (as tension or suction). All three terms are used in the

following discussions.

Following the presentation of all the instrument sections, the data
from all the instruments are summarized in terms of observed spatial

variation. The relative value of the different instruments used in data

collection is compared. Finally, general conclusions and recommendations
for future work are presented.

5.4.3.1 Tensiometers. Tensiometers measure the matric potential in

sediment for the range of 0 to 0.65 bars tension. A porous ceramic cup on

the tensiometer allows water within the instrument to equilibrate with the

matric potential of the material adjacent to the ceramic cup. The tension

within the sediment is measured on a vacuum dial gauge. Further details

are given in the FY-1985 annual report (Hubbell et al., 1985).

Nineteen tensiometers were installed in surficial sediments within

10 auger holes as indicated in Table 13. Figure 2 (see Section 4.1.2)

shows the locations of the auger holes. Instruments were located in holes

having moist to wet sediments, as determined by observation during

drilling. All of the instruments except T06 in T23 and T04 in W20 are

presently in use. T06 was removed due to maintenance problems and T04 is

in a location too dry for the instrument to function.

Matric potentials, total potentials (a combination of matric potential

and elevation potential), and hydraulic gradients for tensiometers were

plotted versus time for the period of record. The large volume of data

requires a short summary be presented in this report with a detailed

discussion presented for selected holes. Appendix E contains the graphs of

data for all the tensiometers not discussed in this section.
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TABLE 13. TENSIOMETER INSTALLATIONS

nppth n.pth
Hole Date Instrument (m) (ft)

PA1 07/16/85 109 0.93 3.05
PAI 07/16/85 108 1.84 6.03
PAl 07/16/85 T07 2.76 9.05

PAZ 07/16/85 111 0.89 2.92
PA2 07/16/85 TIO 1.80 5.90

123 07/02/85 106 0.91 2.98

W02 06/14/85 TO1 1.83 3.67
W02 06/14/85 102 2.74 8.62

W06 09/23/86 T17 0.91 2.98
W06 09/23/86 116 1.83 6.00
W06 09/23/86 115 2.74 8.98

W17 09/29/86 T19 0.91 2.98
W17 09/29/86 T18 1.83 6:00

W20 06/28/85 104 0.93 3.05
W20 06/28/85 103 1,37 4.49

W23 06/28/85 T05 093 3.05

W24 09/18/86 T14 n 0.91 al 1oc..n,a
W24 09/18/86 T13 1.83 6.00
W24 09/18/86 112 2.74 8.98

Data for three tensiometers in hole W06 are presented in Figure 33 for
the period of October 1986 to November 1987. The tensiometers indicate the
dryest (lowest matrir pntsintial) conditions are present at 3 ft below . land
surface (BLS) with progressively wetter conditions at 6 and 9 ft below land
surface. The instrument at 3-ft depth indicates the largest variation in
metric potential, with the instruments at 6- and 9-ft depths showing
progressively less variation over the same period of time. Figure 34
presents the total potential energy for the instruments relative to land
surface_ These total nntani-ial A.24.3 "'"m.a..4 to calculate the gradients
within the auger hole.
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Figure 35 presents the hydraulic gradients between the 3- to 6-ft

depth instruments and the 6- to 9-ft instruments. Upward flow is indicated

by positive values, and downward flow by negative valuPc. This figurP

indicates there is a marked difference in direction of water movement

between these depths. The upper 6 ft has upward flow from March to October

lqA7, whereas the interval from 6 to 9 ft shows downward flux the entire

time period excepting October 1987. The downward gradient in the lower two

instruments is greatest from January through April. The gradient is

rOVOrct2d in nrtniu.r, to evapotr.nspiration over the summer mnn+ke

These data indicate that there is a potential for downward migration of

water over a large portion of the year at this monitoring location.

Matric potential data for auger hole W17 are presented in Figure 36

for the period of December 1986 to November 1987. These data indicate that

the 3-ft instrument had a lower tension from March 1987 through October

1987 than the 6-ft instrument. The hydraulic gradient presented in

Figure 37 indicates a potential for upward movement of moisture in the
win+ay. then the kt/rib.51114, gradient 1907

OCVCIDCZ. IFILOM M0.16.11 b%., Wi..61JUZF 170/”

The influence of water loss due to evapotranspiration is seen in the

gradient approaching positive values.

Holes with multiple tensiometers showed the trend of decreasing

tensions with increasing depth. For a homogeneous material this would mean

Onethat the holes were wetter at the bottom than at land surface. UHC

exception was auger hole W17, where the 3-ft depth had a smaller tension

than the 6-ft depth for a large portion of the year. The dryest reading
(kinkne+ +anyinne) ware X11. ak... 1....J —.C.

incic u.aucalij a==- IF H 1.COI 11C lHU SUFICCe. UUring

portions of the year, all of the operating instruments have readings that

are in the range of field capacity (<20 bar tension). Field capacity is

the point where the sediment will not hold additional water without gravity

drainage. Tensiometers in auger holes W02, W06, W23, 123, PA01 and PA02

have had readings at or above 0.0 bar, indicating saturation of the

materials around the instrument.
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Total potential energy or hydraulic head (matric potential plus

elevation head) were calculated for several of the holes. These data were

used to calculate the gr.disnts within several holes. In scirc, 01, there

appeared to be positive gradients (upward flux) in the 3- to 6-ft depths

for most of the year and negative gradients (downward flux) in the 6- to

9-ft depths. This suggests that multiple instruments, preferably below

6 ft, should be installed to provide matric potentials and gradients for

the sediments below the zone affected by evapotranspiration.

Eighteen of the nineteen instruments are located in areas where

tensions are within the instruments' operating range (0 to 0.65 bar). Most

-f these installations are located in or near IU1I (un., wncknot.,

T23, W23, W24, PA01 and PA02) where water has the opportunity to collect in

periods of high precipitation or runoff. Holes W17 and W20 are not located

near low spots U 
V, M. Other water sources. The tupuyraphit. d=1.ircuit art

usually very slight since there is only approximately 10 ft of relief
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throughout the SDA, excepting the active pit. Several of these locations
(underlined above) had standing water around them during spring runoff.

Tensiometers are accurate in their operating range (±0.02 bar

tension). They require little or no initial calibration, and replacement
parts are easily accessible. Little technical experience is required to

install, maintain, and operate them. They operate without complicated

electronics, require no power source, have a long field life, and are

inexpensive.

Among their liabilities is their large size, which limits the hole to

three instruments, and their limited operating tension range. Their

maximum depth is limited by the height of the water column within the

instrument. One ft of water column is equivalent to -0.03 bar matric

potential. Thus a 9-ft instrument would only be able to measure +0.27 bar

(saturated) to -0.38 bar tension. It may be possible to install

instruments up to 12 ft deep, but the matric potential would need to be

less than -0.29 bar to obtain readings. They are difficult to operate as

constant recording instruments without the addition of complicated

electronics, and they require an operator present to take readings. Soil

freezing around them will affect readings, and maintenance during winter

months is difficult due to the use of fluid (water and antifreeze) in the

instrument.

Despite their drawbacks, tensiometers are the simplest and most

effective instrument to use in many circumstances. Their small effective

matric potential range and depth limitations restrict more widespread use

at the RWMC. Because of their relative accuracy, tensiometers should be

used whenever possible.

5.4.3.2 Gypsum Blocks. Gypsum (or resistance) blocks measure the

matric potential of the soil. The gypsum blocks achieve a water tension

equilibrium with the surrounding matrix, and this matric potential is

measured by the resistance between two electrodes embedded in the gypsum

block matrix.
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A total of 50 gypsum blocks were installed in surficial sediments in

seven auger holes at the depths listed in Table 14. Generally, the gypsum

blocks were in  in clusters of three at each depth and surrounde

with native backfill. All gypsum blocks (except those in TH4) were

calibrated from 0 to 10.0 bars of tension prior to installation. Further
A-4. .11 l'L A °
UCW3i1S VI 611e cal iyra6ion any ins,rumen‘,0,ion MCWiUU are described in

FY-1985 annual report (Hubbell et al., 1985).

Le
Lat.!! UI the three gypsum blocks at a given depth yielded a set UI

metric potential measurements versus time. Figure 38 shows the

measurements recorded by instruments in auger hole PA01 at 9.5 ft below
1... .I
1011U i.irAat..c. Measurements n 1.111 111.11C Ole Lyr FJ 11..01 UI WIC Fairs=

of matric potential values produced by different gypsum blocks at the same

depth. To reconcile this range in metric potentials at each depth, an

arithmetic mean was calculated for each depth from the three gypsum

blocks. A standard deviation, a maximum value, and a minimum value were

also calculated for each depth to provide an indication of confidence and

variation from the mean. Figure 39'shows the mean, maximum values, and

minimum values calculated from the metric potentials shown in Figure 38.

Mean values are used to analyze data trends, and the maximum and minimum

values show the actual data range. Additional plots of data derived from

gypsum blocks are presented in Appendix F.

Seasonal trends in metric potentials are similar for each hole.

Figure 40 summarizes the mean metric potentials for the 3.0, 5.0, 10.0 and

15.0 ft instrumented depths (BLS) in auger hole T23. Metric potentials

decrease in the winter months of December and January aHU SHUW peak

maximums in the late—spring and early summer months. The observed seasonal

trends can be attributed partially to resistance measurements within the

gypsum blocks, which are affected by chanyes t.:emperature. Ine dciSUrldi

trends in matric potential may also reflect actual changes in the moisture

content of the surficial deposits. The low matric potentials recorded

dufing the mid-'-'winter months may be related to frozen conditions near the

surface, which can inhibit infiltration of water. In late spring and early

summer, infiltration can occur through snow melt and additional

precipitation, increasing the metric potential readings.
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TABLE 14. GYSUM BLOCK INSTALLATIONS

Depth Depth
Hole Date Instrument (ft)

PA1 07/11/85 021 1.07 3.51
PA1 07/11/85 019 1.07 3.51
PA1 07/11/85 020 1.07 3.51
PA1 07/11/85 017 2.89 9.48
PA1 07/11/85 G16 2.89 9.48
PA1 07/11/85 018 2.89 9.48

112 06/20/85 G39 1.22 4.00
T12 06/20/85 G38 1.22 4.00
T12 06/20/85 G37 1.22 4.00

123 07/02/85 G43 0.91 2.98
T23 07/02/85 045 0.91 2.98
T23 n7P-1,7/or.

U/ / ,..,,, vs,, G44 0.91 2.98
T23 07/02/85 048 1.50 4.92

T23 07/02/85 046 1.50 4.92
T23 07/02/85 047 1.50 4.92
123 07/02/85 051 3.02 9.08
123 07/02/85 049 3.02 9.08

123 07/02/85 050 3.02 9.08
T//
las) U./ilia/04U'/U2/ 1.21,1

A 
C

1 0/.4

123
123

TH4
TH4

W10
W10

07/02/85
07/02/85

04/23/85
04/23/85

06/12/85
06/12/85

G15
014

G52
G53

G26
027

4.55
4.55

1.82
1.82

0.91
0.91

14.92
14:92

5:-97
5.97

2.98
2.98

W10
nefi,l/or
uutiL/Ou

nqc
L9 .:3

A Al
U.21

'' 00
z_ • 7c.,)

W10 06/12/85 028 1.52 4.98

W10 06/12/85 G30 1.52 4.98
W10 06/12/85 G29 1.52 4,98
W10 06/12/85 033 2.29 7.51
W10 06/12/85 G32 2.29 7.51

W10 06/12/85 031 2.29 7.51
win
au

nailoioc
VV/ IL/ (J...., nno3.05L.V.J L. 10.00re

W10 06/12/85 003 3.05 10.00
W10 06/12/85 001 3.05 10.00

W12 06/19/85 036 1.22 4.00
W12 06/19/85 035 1.22 4.00
W12 06/19/85 034 1.22 4.00
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TABLE 14. (continued)

Depth Depth
Hole Date Instrument (m) (ft)

W19 06/21/85 G40 0.91 2.98
W19 06/21/85 G41 0.91 2.98
W19 06/21/85 G42 0.91 2.98
W19 06/21/85 G05 1.52 4.98

W19 06/21/85 G04 1.52 4.98
W19 06/21/85 GO6 1 al

1.41G.
A [10
T. 7G7

W19 06/21/85 009 3.05 10.00
W19 06/21/85 008 3.05 10.00

W19 06/21/85 007 3.05 10.00
W19 06/21/85 G10 4.57 14.99
W19 06/21/85 G12 4.57 14.99
W19 06/21/85 G12 4.57 14.99
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Figure 38. Metric potential values measured from auger hole PA01 at 9.5 ft
below land surface.
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The mean matric potentials at different depths within each hole were

compared. In general, the shallowest depth exhibited the largest
variations in matric potentials over time, whereas the variations in matric

potentials for the deeper gypsum blocks were generally damped or muted.

Figure 4Q shows this trend for auger hole 123. The shallowest depth would

be 1  expo 
UV D.HVW lafvcat Ch anges in metric potential, in response to

precipitation, drying, or freezing events near the surface.

A t
4! ecru VI yleCti.CI Matt;l. pu 6C116141 (less negative) was exhibi LVLI

increasing depth. If a medium was homogeneous, this would indicate

increasingly wetter conditions as depth increases and the basalt-soil

interface is approached. However, geologic logs do not indicate  a

homogeneous profile within the surficial sediments. Moisture contents will

vary for a heterogeneous soil profile which is under a uniform matric

potential. Thus, relative wet or dry conditions Lannut be described solely

on the basis of comparing matric potentials. Further information is

needed, such as the relationship between moisture content and matric

potential in the soil layers. This information can be obtained from

laboratory experiments, using the 'soil samples from those holes. Neutron

logging, using logs calibrated to the soil profile, would also be beneficial.

The movement of water in the surficial sediments at the RWMC is an

issue of concern. Hydraulic gradients were calculated for each

instrumented depth in each hole. These gradients  were then compared, over

time, to analyze the direction of water movement.

Figures Al, 42, 43, and 44 show the hydraulic gradients at the

indicated depths for holes 123, PA01, W19, and WIO, respectively.

Gradients for auger holes PA01 and T23 both exhibit downward flow, but 123

also shows upward flow from 5 ft to 3 ft. Hydraulic gradients for holes

W19 and W10 indicate predominantly upward flow, and this upward movement is

seen both at depth and within shallower intervals. Based on the results of

the hydraulic gradients, downward  movement of water is evident in the

surficial sediments, but does not occur consistently across the SDA.
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For holes T23 and PAOI, tensiometer data were available for comparison

with gypsum block data at or very close to the same depths. The two

instruments compared favorably, in terms of matric potential readings and

general trends. This is seen in Figure 45, which shows the gypsum block

and tensiometer data from hole 123 at 3.0 ft BLS.

The gypsum blocks generally maintained good performance over the

present monitoring period and yielded reliable data. Dissolution of gypsum

blocks may occur over time; gypsum blocks located in wet areas are

especially susceptible to dissolution. However, only 6% of the total

number of gypsum blocks installed at the RWMC have failed to date.

5.4.3.3. Heat Dissipation Sensors. Heat dissipation sensors (HDS)

are electronic instruments used to measure the matric potential within a

porous medium. These sensors rely on differences in heat conduction caused

by changes in moisture content. They are calibrated to matric potential

using a pressure plate extractor so placement in different texture

sediments will not affect the readings. Further details on the sensors are

included in the FY-1986 annual report (Hubbell et al., 1987).

Seventy-one heat dissipation sensors were installed in 9 shallow auger

holes and twenty-seven sensors installed in three deep boreholes since

1986. Table 15 presents information on the sensors, including depth,

location, and date installed. Most of the sensors were installed with

three sensors at a depth (clusters) to check reproducibility of

measurements. Sensors in deep boreholes are placed in sedimentary

interbeds or in a sediment-filled fracture zone within the basalt.

Instruments in shallow auger holes were installed at depths of 3 ft, 6 ft,

and 10 ft, and at subsequent intervals of 5 ft to the sediment/basalt

interface. Instruments were also installed immediately above the basalt.

The sensors are calibrated by their manufacturer, Agwatronics, of

Merced, California, in the range of 0.0 to 1.0 bar tension. Approximately

40% of the sensors installed in the field show readings within the

calibrated range. The other sensors show readings that, based on

88



M
o
t
r
i
c
 
P
o
t
e
n
t
i
a
t
 
(
b
a
r
s
)
 

M
o
t
r
i
c
 
P
o
t
e
n
t
i
o
l
 
(
b
a
r
s
)
 

0
Tensiometer

—0.1 —

—0.2 —

—0.3 —

—0.4 —

—0.5 —

—0.6 —

-0.7 -

—0.8

02—Jun-85 19-0ec-85 07—Jul-86 23—Jan-87

0
Gypsum Block

—0.1 —

—0.2 —

—0.3 —

—0.4 —

—0.5 —

—0.6 —

—0.7-

-0.8

02—Jun-85 19—Dec-85 07-4u1-86 23—Jan-87

Figure 45. Matric potential readings from gypsum blocks and tensiometers
in auger hole T23 at 3-ft depth.
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TABLE 15. HEAT DISSIPATION SENSOR INSTALLATIONS

Depth Depth
Hole Date Instrument (m) (ft)

D06 09/12/86 0654 13.11 43.01
006 09/12/86 0501 13.19 43.27
D06 09/12/86 0661 13.26 43.50
006 09/12/86 0660 26.63 87.37
DO6 09/12/86 nelr

t.1
r
4. U LLI 

lc 
.UJ 
GC 07

.4r
A

..,
O

0/ 

006 09/12/86 0655 26.68 87.53

D15 11/04/87 1183 9.60 31.49
015 11/04/87 1050 9.68 31.76
015 11/04/87 1164 9.68 31.76
015 09/15/87 0656 29.64 97.24
015 09/15/87 1019 29.73 97.54

015 09/15/87 UDDI 
net-, ,In

.
7
/...1
1

C7 
ni
.0C.7

A
71 

015 09/15/87 1029 33.60 110.24
015 09/15/87 1045 33.69 110.53
015 09/15/87 1046 67.77 222.35
015 09/15/87 1048 67.84 222.58
015 09/15/87 0647 67,84 222.58

TW1 06/25/87 0718 30.95 101.54
TW1 06/25/87 0503 30.95 101.54
TW1 06/25/87 0708 30.95 ILII int-J.I. 

CA

TW1 06/25/87 0607 69.05 226.55

TW1 06/25/87 1005 69.21 227.07
TW1 06/25/87 1006 69.36 227.5T
TW1 06/25/87 1049 70.73 232.06
TW1 06/25/87 1016 70.73 232.06
TW1 06/25/87 0527 79.73 261.59

W05 09/22/86 0741 1.88 6.16  

WO5 09/22/86 0679 4.70 15.42
W06 09/23/86 0502 3.44 11.28
W09 09/17/86 0719 0.89 2.92
W09 09/17/86 0729 0.89 2.92

W09 09/17/86 0704 0.89 2.92
WO9 09/17/86 0732 1.83 6.00
W09 09/17/86 0725 1.83 6.00
W09 09/17/86 0710 1.833 6.00

W09 09/17/86 0560 3.05 6.00

W09 09/17/86 0659 3.05 10.00
W09 09/17/86 0683 3.05 10.00
W09 09/17/86 0674 4.37 14.33
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TABLE 15. (continued)

Hole Date Instrument
Depth

(m)

Depth
(ft)

W09 09/17/86 0676 4.37 14.33
W09 09/17/86 0677 4.37 14.33

WII 09/24/86 0760 0.91 2.98
W11 09/24/86 0735 0.91 2.98
W11 09/24/86 0762 0.91 2.98
wil 09/24/86 n714 1.81 6,00
WII 09/24/86 0743 1.83 6.00

W11 09/24/86 0751 1.83 6.00
W11 09/24/86 0758 3.05 10.00
W11 09/24/86 0755 3.05 10.00
W11 09/24/86 0757 3.05 10.00
W11 09/24/86 0497 4.95 16.24

WII 09/24/86 0661 4.95 16.24
W11 09/24/86 0740 4.95 16.24
W13 09/29/86 0761 0.91 2.98
W13 09/29/86 0753 0.91 2.98
W13 09/29/86 0658 0.91 2.98

W13 09/29/86 0707 2.03 6.66
W13 09/29/86 0035 2.03 6.66
W13 09/29/86 0696 2.03 6.66
W13 09/29/86 0759 3.05 10.00
W13 09/29/86 0744 3.05 10.00

W13 09/29/86 0752 3.05 10.00
W13 09/28/86 0694 3.91 12.82
W13 09/28/86 0684 3.91 12.82
W13 09/28/86 0745 3.91 12.82
W13 09/28/86 0763 5.49 18.01

W13 09/28/86 0749 5.49 18.01
W13 09/28/86 0750 5.49 18.01
W17 09/29/86 0517 0.91 2.98
W17 09/29/86 0748 0.91 2.98
W17 09/29/86 0695 0.91 2.98

W17 09/29/86 0731 1.83 6.00
W17 09/29/86 0644 1.83 6.00
W17 09/29/86 0688 2.74 8.98
W17 09/29/86 0664 2.74 8.98
W17 09/29/86 0738 2.74 8.98

W17 09/29/86 0649 4.57 14.99
W17 09/29/8 6 0713 4.57 14.99
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TABLE 15. (continued)

Hole Date Instrument
Depth Depth

(ft)

W17 09/29/86 0697

_LILL
4.97 16.30

W17 09/29/86 0756 5.88 19.29
W17 09/29/86 0754 5.88 19.29
W17 09/29/86 0747 5.88 19.29

W18 09/22/86 0742 1.22 4.00
W18 09/22/86 0703 1.22 4.00
W18 09/22/86 0739 1.22 4.00
W18 09/22/86 0730 3.05 10.00
W18 09/29/86 0706 3.05 10.00

W18 09/22/86 0681 3.05 10.00
W18 09/22/86 0557 5.11 16.76
W1A 09/22/86 0673 c 1 1

J.41
IC 7C
AU.1U

W18 09/22/86 0686 5.11 16.76

W24 09/18/86 0712 1.83 6.00
W24 09/18/86 0699 1.83 6.00
W24 09/18/86 0541 1.83 6.00
W25 09/24/86 0797 1.22 4.00
W25 09/24/86 0705 2.13 6,98
W25 09/24/86 0724 4.50 14.76

extrapolation of the calibration curve, are in the range of 1.0 to 3.0 bars

+-n"on. These data are much less accurate than the measurements read

within the calibrated range. The variations in readings between sensors in

the range of 0.0 to 1.0 bar tension are approximately 0.2 to 0.3 bar, while
•readings 1 nc^,..ccuin J. 1.'4:it vary FILM! U.G. 2.0 bars between sensors.

Readings from heat dissipation sensors vary for instruments at the
came Aepth. Figures 46, 47, 48, and 49 plot matrid potential versus time

at the 3.0-, 6.0-, 10.0-, and 14.0-ft depths below land surface. The

readings were recorded from instruments installed in auger hole W09. Plots

of the other heat dissipation sensor data are presented in Appendix G. The

variation in matric potentials at some of the depths is larger than the

variation between the depths. This makes it difficult to compare readings

from diffeir.an+ Ann+ke
...413,1,114 11.4,1,1,11,a
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Figure 46. Readings from sensors installed 3 ft below land surface in
auger hole W09.

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

—0,3

—0.4 —

—0.5 —

—0.6 —

—0.7 —

—0.9

—1.1 —

—L2 —

—1.3 —

— 1.4  

15—Oct-86 23—Jon-87 03—May-87 1 1—Aug-87 19—Nov-87

Figure 47. Readings from sensors installed 6 ft below land surface in
auger hole W09.
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Figure 48. Readings from sensors installed 10 ft below land surface in
auger hole W09.
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Figure 49. Readings from sensors installed 14 ft below land surface in
auger hole W09.
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Instruments were installed in the deep boreholes in the fall of 1986

and 1987. Data for borehole 006.are presented in Figure 50. Two of the

three sensors at 44 ft give similar readings, but in July one of them

starts to drift. They all show a horizontal trend in matric potential,

with most readings ranging from -0.7 to -1.7 and with slight increases in

March and September 1987. A suction lysimeter located in this interbed has

collected water, indicating the actual matric potential must be between

-0.0 and -0.65 bar. Sensors in a sediment-laden fracture zone at 88 ft

below land surface (Figure 511 show metric potentials in the range of -1.5

to -2.7 bars. The variations in the readings yielded by sensors at the

same depth indicate that the use of linear calibration curves is not

adequate in this range mA4
ui reeui ngs. These sensors all show a similar

trend, but the readings vary over a bar tension.

Readings from borehole T11 indicate matric potentials between -0.0

to -1.2 bar in the 110-ft interbed and -0.7 to -1.1 bar in the 240-ft

interbed.
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Figure 50. Readings from sensors installed 44 ft below land surface in
borehole 006.
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Fiaure 51. Readings from sensors installed RA ft helnw land curfarP in
borehole D06.

Sensors in the shallow auger holes indicate trends similar to those

seen from tensiometers. The sediments have lower tensions (wetter) with

depth. The metric potential fluctuations over time are greatest in the

shallowest instruments and relatively constant with greater depths.

Sensors in auger holes W05, W06, W24, and W25 show tensions from 0 to 1

bar, while those in W11, W13, W17, and W18 generally have tensions from 1

to 3 bars.

Some problems have been encountered in the use of heat dissipation

sensors. The calibration range is limited. Currently, the heat

dissipation sensors are calibrated for readings in the 0.0 to 1.0 bar

range. This calibration can be extended to 3.0 or more bars tension by

calibration within a pressure plate extractor, but this is a time—consuming

process.

The sensors have a reported accuracy of ±0.02 bar in the calibrated

range, but readings to date tentatively indicate that the actual accuracy
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is closer to ±0.10 bar. The sensor's accuracy is limited by the meter used

to read the sensor, A more accurate meter would obtain more accurate

readings.

The sensors can only be read once per hour because the heat generated

during the reading must dissipate before additional readings can be taken.

In addition, the current system requires an operator to be present to take

a reading.

Heat dissipation sensor failure rate at the RWMC is 8%.

Heat dissipation sensors have several advantages for use in measuring

matric potential. The sensors are small in size, and the wire connection

allows the instrument to be located at any depth, limited only the

resistance within the wire. This is an advantage over tensiometers, which

operate in the same matric potential range, but are limited by

instrumentation depth. The sensors can be hard-wired to a programmable

data acquisition system for taking repeated measurements without requiring

a person to take the readings. Such a system would also record temperature

within the sensor.

Data collected from heat dissipation sensors needs further analysis to

optimize their future use. Additional sensors installed at the RWMC should

be calibrated to at least 3.0 bars tension. A programmable data

acquisition system should be purchased to increase the accuracy of the

readings and allow detailed monitoring at selected sites. Heat dissipation

sensors should be installed in future boreholes where the range of matric

potential and the depth of the installation preclude the use of tensiometers.

5.4.3.4 Psychrometers. A thermocouple psychrometer is an electronic

instrument used to measure the relative humidity in soil air, and from

which potentials can be calculated. Because thermocouple psychrometers can

measure tensions from from 1.0 to 70.0 bars, they are especially valuable
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in semi-arid to arid climates. The measurement range for the thermocouple

psychrometers extends beyond the range of tensiometers (0 to 1.0 bars) or

gypsum blocks (0.3 to 15.0 bars).

A total of 59 psychrometers have been installed in 7 holes at the

RWMC, since June of 1985. The instrumented holes, depths, and dates of

psychrometer installations are listed in Table 16. The psychrometers in

hole TH04 never functioned properly, so data from this hole are not

included. Prior to installation, the psychrometers were factory calibrated

with a one-point calibration reading at approximately 25.0 bars of

tension. The matric potential readings were calculated using a single

calibration curve for all psychrometers. For each hole (except W18, which

has one psychrometer at each depth), a cluster of three psychrometers were

placed at a specific depth in a hole. The interval was back-filled with

the augered cuttings, and each instrumented interval was isolated by a

layer of bentonite. A more detailed description of psychrometer

calibration and installation methods is presented in the FY-1985 annual

report (Hubbell et al., 1985).

A very large volume of data is produced by the psychrometers. The

matric potential data alone totals over 7000 measurements. Using an

electronic data collector (Wescor HP-115 Data Acquisition System)

psychrometers can be scanned for readings at regular intervals over a

period of time. The data yielded by psychrometers includes temperature,

offset and millivolts (calibrated to matric potential). The offset

attempts to compensate for temperature gradients which may exist within the

psychrometer circuitry itself.

As a quality control measure, the psychrometer data was reviewed for

each instrument. Matric potentials were discarded if associated with

offsets of greater than 9.9 temperatures greater than 29.4°C or greater.

In addition, extremely anomalous matric potentials were discarded. For

some instruments (P17, P38, P50, and P51) this required discarding a major

portion of the acquired matric potential data.
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TABLE 16. PSYCHROMETER INSTALLATIONS

nppit nppfh
Hole Date Instrument (m) (ft)

T12 06/20/85 P10 1.22 4.00
T12 06/20/85 P11 1.22 4.00
T12 06f20/85 P12 1.22 4.00
TH4 04/23/85 P34 1.82 5.97
TH4 04/23/85 P35 1.82 5.97

wni Mill/A; p09 0.91 2.98
W01 06/13/85 P03 0.91 2.98
W01 06/13/85 P01 0.91 2.98
W01 06/13/85 P06 0.91 4.98
W01 06/13/85 PO4 1.52 4.98

W01 06/13/85 P05 1.52 4.98
W01 06/13/85 P09 2.13 6.98
W01 06/13/85 P08 2.13 6.98
wni nA/11/8; p07 2.13 6.98
W16 07/11/85 P16 0.91 2.98

W16 07/11/85 P17 0.91 2.98
W16 07/11/85 P18 0.91 2.98
W16 07/11/85 P13 1.42 4.65
W16 07/11/85 P15 1.42 4.65
W16 07/11/85 P14 1.42 4.65
W18 09/22/86 P50 0.61 2.00

W18 09/22/86 P51 0.91 2.98
W18 09/22/86 P52 1.22 4.00
W18 09/22/86 P54 1.52 4.98
W18 09/22/86 P55 1.83 6.00
W18 09/22/86 P56 2.13 6.98

W18 09/22/86 P57 2.34 7.67
W18 09/22/86 P59 2.74 8.98
wiA 041/72/86 P61 3.05 10.t0
W18 09/22/86 P65 3.35 10.99
W18 09/22/86 P66 3.66 12.00

W18 09/22/86 P67 3.96 12.99
W18 09/22/86 P68 4.23 13.87
W18 09/22/86 P69 4.57 14.99
W18 09/22/86 P70 5.02 16.47
W19 06/21/85 P20 0.91 2.98

W19 06/21/85 P19 0.91 2.98
W19 06/21/85 P21 0.91 2.98
W19 06/21/85 P23 1.52 4.98
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TABLE 16. (continued)

Depth Depth
Hole Date Instrument (m) (ft)

W19 06/21/85 P22 1.52 4.98
W19 06/21/85 P24 1.52 4.98

W19 06/21/85 P27 3.05 10.00
119 06/21/85 P26 3.05 10.00
W19 06/21/85 P25 3.05 10.00
W19 06/21/85 P29 4.57 14.99
W19 06/21/85 P28 4.57 14.99

W19 06/21/85 P30 4.57 14.99
W19 06/21/85 P31 4.88 16.01
W19 06/21/85 P32 4.88 16.01
W19 06/21/85 P33 4,88 16.01
W22 ,,,- ,e,-, ,e,r-uoi cri 00 P37 0.91 2.96

W22 06/27/85 P39 0.91 2.98
W22 06/27/85 P38 0.91 2.98
W22 06/27/85 P42 1.52 4.98
W22 06/27/85 P41 1.52 4.98
W22 06/27/85 P40 1.52 4.98

W22 06/27/85 P45 2.74 8.98
W22 06/27/85 P43 2.74 8.98
W22 06/27/85 P44 2.74 8.98

A large variability in the matric potential data is exhibited between

psychrometers at the same depth. This variability is shown in Figures 52,

53, and 54, which plot matric potential versus time at the 3.0 ft, 5.0 ft

and 9.0 ft depths below land surface (BLS) in hole W22. Plots of the rest

of the psychrometer data are presented in Appendix H. Instrument readings

plotted in Figure 53 show a range of over 9.0 bars of tension between,

instruments at the same depth. With so much variation being shown between

instruments, it is difficult to determine hydraulic gradients. Therefore,

the sources' of the variation between instruments must be evaluated so that

reasonable estimates of matric potential at a given depth can be

determined. Statistical techniques such as analysis of variance will be

used to evaluate the sources of the variation.
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Seasonal and diurnal fluctuations are evident in both temperature and

matric potential measurements. During early August 1986, the psychrometer

data was collected at 2 hour intervals over a 4 day period. Hull (1986)

analyzed this data for auger hole WO1 and applied a least squares

regression technique to study the diurnal and seasonal cycles of both

temperature and matric potential. Significant seasonal and diurnal

temperature cycles were observed for all psychrometers. However, the

diurnal temperature changes were not realistic for heat conduction within

such a short time frame. The diurnal fluctuations were suggested to be an

effect of air temperature on the measurements, resulting from temperature

changes within the electronic data collection unit at the surface.

Seasonal temperature cycles showed high summer temperature and lower winter

temperatures (Figure 55). Statistically significant diurnal matric

potential fluctuations were exhibited by 4 of the 9 psychrometers in hole

W01. Seasonal matric potential cycles were not as clearly defined as for

temperature, but were exhibited for all psychrometers in WO1 except one

(P06).
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For holes W18, T12 and W19, gypsum block and heat dissipation sensor

data were available for comparison with psychrometer data at the same

depths. Generally, the psychrometers yielded data with higher matric

potentials (closer to saturation) than the other instruments and with

little correlation to data yielded by gypsum blocks (see Figure 56, for

example) or heat dissipation sensors. As an exception, psychrometers at

the 3.0-ft depth in auger hole W19 exhibited seasonal trends in matric

potentials that were very similar to those of gypsum blocks at the same

depth. This is shown in Figure 57. The lowest matric potentials occur in

the winter months, and the highest occur in the summer months.

Whenever possible, other types of instruments should be used instead

of psychrometers. The psychrometers could be very useful instruments,

because they are applicable to a range of matric potential (10 to 70 bars)

in which other instruments are ineffective. However, the large variability

exhibited by the data indicates the unreliability of psychrometer results.

The use of psychrometers in future holes will be evaluated.
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5.4.3.5 Neutron Access Holes. Two neutron access tubes were

installed within the SDA in November 1986. Access holes were hand augered

a few feet west of shallow auger holes WO2 and W06. Readings were taken at

6-in. intervals from land surface to basalt on a monthly basis. The

instrument utilized is a CPN 503 OR Hydroprobe with a 50 mCi

Americium-241/Be neutron source and a I.5-in.-diameter probe.

The neutron moisture gage measures the moisture content in the soil by

supplying a source of fast neutrons which are slowed by the presence of

hydrogen in water. The slow neutrons are detected and counted. This count

can be correlated to moisture content. Calibration curves for the soils at

the SDA have not been calculated. The data is presented as the count rate

to examine relative changes in moisture content. Higher count rates

correspond with higher moisture contents.

The access tubes are standard 1.5 in. Schedule 40 pipe. They are

installed by hand augering a hole, taking moisture samples at various

depths, then pushing the tubes into the ground. The moisture samples can

be utilized to calibrate the instrument with the soils. Readings can be

taken at any depth or time interval. The readings are taken by lowering

the source down the access tubing and activating the counter on the gauge.

Figure 58 is an example of a plot of data derived from neutron

probes. This figure shows the count rate for hole W02 for June. July,

August, and November, 1987. The count rate versus depth for all the months

is included in Appendix I. The overall shape reflects changes in the

texture of the material with sands described in the drill logs from 3.5 to

5.0 ft and 6.5 to 8.5 ft below land surface. The rest of the material is

predominately silt. The sands retain less water than the silt for a given

matric potential and therefore give lower count rates.

There is a noticeable attenuation of moisture movement with depth.

The variation in count rate from 0.5 to 6.5 ft depth indicates the zone
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Figure 58. Neutron count rate versus depth in auger hole W02.

affected by precipitation and evapotranspiration. Beneath this depth,

water in the material is less affected by these forces and moves by the

force of gravity.

Overall, the sediments from 0.5 to 4.0 ft below land surface were

dryest in November and December of 1986, then got progressively wetter

until March, then (as shown in Figure 58) dried again to November of 1987.

The sand layer at 3.5 to 5.0 ft may act as an impediment to downward flow,

causing the moisture to accumulate above this layer. In the May to June

period there was an increase in count rate from 3.0 ft to 7 ft followed in

the subsequent 5 months by a drying trend. The wetting trend at this depth

in the May to June time frame may be attributed to redistribution of water

from the sediments above. The drying trend from June to November indicates

the influence of evapotranspiration during the summer and fall months. The

sediments below 7 ft have less variation in count rate than the material

above. However, there is a small overall drying trend beneath 12.5 ft for
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the entire years record. This may be occurring because this area was
covered with several feet of cover material in the summer of 1986 to

prevent flooding in this area.

Figure 59 presents the count rate versus depth for hole W06 for June,

July, August, and November, 1987. Appendix I contains all the monthly

readings for neutron access tube W02. The drill log indicated the sediment
is sandy silt with minor amounts of caliche at 3 and 6 to 7 ft depth. The

top 6 ft of sediment is most affected by precipitation and evaporation as

indicated by large variations in count rate.

Overall, there is a general increase in count rate with increasing

depth. Moisture samples taken while drilling W06 and the neutron access

hole showed increasing moisture content with depth. The overall trend for

the year's data indicates dry conditions in November 1986, wetting in May
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and then drying to November 1987. This trend is evident in Figures 58

and 59. The count rate below 6 ft depth does not show large variations,

but close examination of monthly logs indicates there is wetting and drying

of the sediments occurring at this depth.

The count rate on the neutron probe appears to be quite accurate and

reproducible for replicate readings. The 0.5-ft intervals used in these

holes gives good definition of textural boundaries and water movement in

the system. Monthly readings appear to be frequent enough to give seasonal

trends but the monitoring should performed on a weekly or biweekly basis

during periods of recharge to obtain data on individual recharge events.

Comparing tensiometer data from adjoining holes to the neutron counts

indicates a good match for wetting and drying trends between these two

instruments. The neutron count rate data define the most active zone in

the sediments where water moves up and down depending on the seasonal

forces acting on the site. The neutron probe needs to be calibrated to the

different soils for quantification of water flux. More neutron access

tubes should be installed throughout the SSA to characterize moisture

movement. It would be useful at some installations to install the access

tubes 12 in. into the basalt to obtain readings from the surficial

sediment/basalt interface. Neutron probes should be installed across and

within a pit to characterize moisture movement within the sediments between

the pits and within the materials in the pit. Access tubes should be

positioned around potential water sources (drainage ditches, depressions,

flood control berms, etc.) to determine their effect on water movement

within the site. Calibration curves for the neutron logging should be

obtained, if possible.

5.4.3.6 Porous Cup Lysimeters. Metric potentials in sediments can be

estimated using suction lysimeters. When samples are collected from a

suction lysimeter a vacuum is applied and water moves from the sediment

into the lysimeter. Water stops moving into the lysimeter when the

tensions are equal in the sediment and the lysimeter. An approximate

matric potential can be calculated by measuring the tension in the

lysimeter following equilibration and accounting for the column of water in
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the suction lysimeter. Lysimeters that do not hold pressure cannot be used

to calculate matric potentials. Tensions were measured prior to collecting

water samples for most of the lysimeters. This data has not been compiled

or analyzed to date. See Section 5.2, Solution Chemistry, for additional

information on the location and status of porous cup lysimeters.

Lysimeters can also be utilized to estimate a range of matric potentials.

If the lysimeter yields water the tension in the surrounding sediment is in

the range of 0.0 to 0.65 bars. Lysimeters that do not yield water but hold

the vacuum have a tension between 0.65 bar and the air entry value for the

porous ceramic cup (2.4 bars). Lysimeters which will not hold pressure are

either in areas where the tension exceeds 2.4 bars or have air leaks within

the lysimeter. Examination of pressure drop over time, using a recording

vacuum gauge, can be utilized to differentiate between the two possibilities.

5.4.3.7 Analysis of Overall Data. Matric potentials for selected

depths are presented in Figures 60, 61, 62, and 63. The data are presented

as tension to avoid negative signs. The tensions were recorded in May

1987. The tensions recorded from heat dissipation sensors, gypsum blocks,

and psychrometers are mean values for that depth. Multiple readings at a

depth represent several types of instruments for comparative purposes.

Lysimeter data (wet or dry) are included when available.

The areas with the lowest tensions are in locations where water is

present during portions of the year. These areas include drainage and

flood control ditches, small depressions where runoff or snow melt

accumulates, and areas flooded in the past. Data collected outside the SDA

indicates higher tensions (relatively dryer) than data collected within the

SDA. The placement of holes tended to bias the lower tension measurements

because of the ease of drilling near roads (and drainage ditches).

Matric potentials decrease (approach saturation) with the depth of the

hole as a general trend throughout the RWMC. Several of the holes exceed

field capacity (values less than 0.1 — 0.2 bars tension), indicating the
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potential for gravity drainage. Hydraulic gradients calculated from

instruments at various depths indicates downward moisture movement for

large pnrtinns of the yair for several of the hnloc.

Neutron data indicates the active zone of the sediments extends to a

depth of 6 to 7 ft below land surface. Moisture above this depth is

affected by seasonal cycles of precipitation and evaporation, whereas

moisture beneath this depth moves downward predominately by the force of

gravity.

Four different types of instruments are utilized to measure moisture

contents or matric potentials within sediments at the RWMC. Figure 64

gives the effective range for these instruments. No one instrument can

cover the entire range for all conditions present at the RWMC with the
44%.5 mmet r,m14ahla matrix
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to cover a larger matric potential range and can be installed at nearly any

depth, but their accuracy and reproducibility of reading is not as good as

the tensiometers. Gypsum blocks have worked well at this site. The

calibration curves need to be more sophisticated to better fit the data

generated in the laboratory. This will increase their accuracy. Gypsum

blocks have a short field life (due to dissolution) in wet conditions, and

this should be considered in their placement. Neutron probe readings have

produced a detailed image of moisture redistribution within the sediments.

The probe needs to be calibrated to the RWMC soils to estimate the rate of

moisture movement adjacent to the holes.

The analysis of data collected from the Subsurface Investigation

Program is not complete. Data from multiple instrument clusters needs to

be examined to determine which are the most useful instruments. Readings

from various depths within holes need to be statistically analyzed to

derive matric potentials for calculation of hydraulic heads and gradients.

This data can be utilized with soil moisture characteristic curves and

unsaturated hydraulic conductivity curves to quantify moisture flux

adjacent to the holes.

5.5 Computer Model Development

5.5.1 Introduction

Radioactive and chemical contaminants buried at the RWMC are potential

hazards if their confinement to the unsaturated zone is not maintained. Of

particular concern is the potential vertical migration of contaminants to

the underlying Snake River Plain aquifer. Irrespective of the final

remedial action, there will be a need to make long-term predictions of

potential movement of contaminants that have already migrated beyond the

boundaries of the burial sites. Computer models are effective tools for

making such predictions and have been widely used for this purpose at other

DOE waste facilities such as Hanford, Savannah River, and Oak Ridge

National Laboratory.
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In addition to their use in making predictions, computer models are

excellent tools for developing a full understanding of the processes that

may influence the movement of the buried radioactive and chemical

contaminants. Some of these processes are illustrated in Figure 65.

Percolation of soil-water through the vadose zone is a primary driving

force for contaminant migration. Sources of coil-water are precipitatien,

surface water ponding (resulting from rapid snowmelt), and seepage from

adjacent ditches. In the past, flooding at the RWMC may have also been a

factor in rontaminant migration. Trancpert of diceelved eentaminante

through the subsurface pathway occurs by advection (i.e., by water flow),

diffusion, and dispersion and is influenced by various chemical processes

such ac corptinn, rnmolexation, and decay. Contaminants in a colloidal

form are transported by the same physical process but are also affected by

filtration. Certain radionuclides (e.g., radon and tritium) and volatile

erganie eentaminantc (0g earken fetraehleride and trichloroethylene) are

transported primarily in the vapor phase.

several computer models are being developed that will be used to

formulate an understanding of the important transport processes at the

RWMC. In addition, the models will be used to assist in answering a number
of basic scientific and engineering questions relevant to the isolation

performance of the disposal site, such as:

What is the range of percolation rates and how do the rates vary

over an annual period?

When water penrdc en the land surface how does

through the sequence of sediments and basalt?

the wm+nr,
TV gat WI. move

What the moisture content distribution in the vicinity of the

waste?

• TA What extent have nr"="1""c  e v e n+a affected contaminant

movement through the vadose zone?
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Figure 65. Conceptual model of processes involved in contaminant transport
in the vadose zone.
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• What are the water and contaminant travel times to the aquifer?

• Are there any potential synergistic effects between chemical and

radioactive wastes that might influence contaminant transpOrt?

• ▪ Are moisture barriers needed to minimize water percolation

through the waste disposal pits?

5.5.2 Summary of A ,lishments

In this reporting period, work on the Computer Model Development task

has focused on three specific areas: (1) a detailed review of previous

vadose zone modeling studies at INEL, (2) acquisition and installation of

several computer models for modeling unsaturated flow and contaminant

tr...y.,t, and (3) preliminary applications of computer models using

site-specific data. Accomplishment in these three areas is summarized below.

CCO1 e&-A4-- T. ---1— 'nen-
4.4.L.A navicw ul riCVIUUS nvuziiny J‘UUIC.b. III WM early 170U3, tWO

modeling studies were conducted that focused on subsurface radionuclide

migration. These two studies were performed in support of studies of
to management alternatives (00E, 1982). The two previous bLEJUICS

were reviewed. Brief summaries of these reviews are presented here.

Cl..... —.I .-.-............ a- nwur
a66empu 6U muuei UFIbaLUrdLCU IIUW (VW Lrentbpurt. in LIIU MwrIU

vadose zone was made by Pope and Reno (1982). Their draft report was later

updated and published in the paper by Humphrey et al. (1982); this work is
1 .. AIllraiso presene 4 e. In yuL finOWt -X A-.

inC UUJCL6IVe UI wietr bt.uuy W4b 64) WV4lUdLe

the potential upward and downward migration of radionuclides at the RWMC.

A computer model was used to simulate the migration of various
4 ..14A. J.L- —41 /4s,radionue uurvuun tAIM bUll 1U1- LWU LunuiLtuns. kJ.) the dflrlUdI cycle or

precipitation/evaporation and (2) site flooding.

Simulations of moisture and radionuclide transport were per

using the one-dimensional computer code UNSAT, originally developed by

Hanks and King (1973). Moisture transport was simulated for one year for
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the cyclic precipitation/evaporation scenario and for 300 years for the

flooding scenario. Unfortunately, these authors did not document the

results of the moisture transport simulations. Radionuclide transport

simulations were performed for each scenario; results from their

simulations are plotted and presented in Humphrey et al., (1982).

The basic conclusion drawn by Pope and Reno was that it should take

many thousands of years for radionuclides to migrate any appreciable

distance. For example, these authors predicted that about 10,000 years

would be required for trace levels (i.e., 10
-9
 iCi/g) of plutonium-239 to

reach the sedimentary interbed at 110 ft.

In the second study, Mizell and Hull (1983) performed a similar

analysis of flow and transport in the vadose zone. The main distinction of

their study was that the hydraulic properties were chosen (i.e., assumed)

on a different basis. These authors then repeated the analysis of Pope and

Reno. Mizell and Hull performed simulations of moisture and radionuclide

transport using the UNSAT computer code (Hanks and King, 1973).

The principal conclusion drawn by Mizell and Hull was that

radionuclide migration should be less than that predicted in Humphrey

et al., (1982). For example, Mizell and Hull predicted that it would take

about 10,000 years for trace levels (i.e., 10
-9 

uCi/g) of plutonium-239

to move 20 ft, as compared to 100 ft predicted in the Pope and Reno study.

Recent field measurements, however, have indicated trace levels of

plutonium-239 at the 110-ft interbed. These measurements indicate that

radioactive contaminants have traveled through the vadose zone at rate

significantly higher than those predicted by the two modeling studies. In

view of the fact that these studies were conducted without the benefit of

site-specific data, it is not surprising that the predictions are grossly

inaccurate. Other factors that contributed to errors in the computer

predictions are:
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1. The computer model used in the two studies was not specifically

applicable to an arid site vadose zone.

2. The computer model was applied without calibration against field

measurements.

3. The computer model assumed that the hydraulic properties of

fractured basalt were similar to those of the sediments, which is
m ki1me+4kmmklim mreliminfinn..0awmlowqw“.

4. Nonconservative assumptions were used regarding sorption

properties of the radionuclides in the sediments and basalt.

Although the two previous studies did not produce much insight into the
kme4r  eeeLe mf4mr+ink r•mn+sm4m5m+ mmummmn* +kav, nlnar.hi kimk14nk+ +km

QIIG4U11. ,14441 IJ “I .U1411U11.

fact that reliable predictions cannot be obtained without an adequate data

base and field calibrated models.

5.5.2.2 Acquisition and Development of Computer Codes. Several

computer models have been acquired and installed on the INEL CRAY XMP/24

computer. These computer models 01 being further developed and will

provide the capability to analyze the important processes and interactions

that influence the migration of aqueous, nonaqueous, and vapor phase

contaminants in the subsurface environment. LH par64Ltaial, 614C 6611111.0646C1

models will allow the analysis of such processes as:

11126W101 moisture movement in the multilayer,

anisotropic medium

11C6=14-SICHCWUZ,

Environmental heat transfer and its effects on 611C net water

influx and vapor phase transport

A444 .1.6A '
11%10 ..uuced by bialumci.rti. picurc 4110119C] 42.1H1 16] C1FC‘6],

on dispersion of vapor phase contaminants
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• Transport of immiscible chemical contaminants

• Transport of dissolved radioactive and chemical contaminants as a

function of percolation rates.

The suite of computer codes is currently being tested and documented
and is also being used in preliminary modeling efforts. At present, five
major computer models have been installed on the INEL CRAY computer for

modeling transport through the subsurface. These models are:

1. SEMTRA This 1-dimensional model is being used to predict water

percolation rates in the vadose zone as a function of

precipitation, evapotranspiration, solar heating, and

cooling.

2. FEMTRA This 2-dimensional model is being used to predict

moisture movement in layered, heterogeneous, fractured

porous media in multiple dimensions.

3. TRACR3D This 3-dimensional model is being used to predict

contaminant transport through the vadose zone as a

result of discrete events, e.g. flooding.

4. MAGNUM This model, capable of either 2- or 3-dimensional

modeling, is being used to predict groundwater or

soil-air flow paths, velocities, and travel times to

the receptor boundaries.

5. CHAINT This 2-dimensional model is being used to predict

transport of liquid or vapor phase contaminants,

contaminant concentrations, and fluxes in the aquifer.

In addition to the major computer models, eight other codes, referred
to as support codes and models, have been acquired and implemented. These

support codes and models are summarized in the Table 17.
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TABLE 17. PRINCIPAL USES OF SUPPORT CODES AND MODELS

Codes and Models Principal Use

SOIL

PATH

VELPLT

CHTFLX

PORFLO

PARAM

CONTOUR

FE Software

This program performs nonlinear least squares fits to
laboratory data on soil moisture data and generates
analytic functions for the moisture release curve and
hydraulic conductivity curve. These functions are
input to the SEMTRA, FEMTRA, and TRACR3D codes.

This code computes the groundwater flow paths and
travel times from the point of input to the aquifer to
designated receptor boundaries. The output of this
code is a computer plot showing the contaminant path-
ways through the aquifer and travel times along those
pathlines.

This computer program computes the liquid and vapor
phase velocities. These velocities are computed using
the predictions generated with the MAGNUM or CHAINT
models. The output of the code is a plot of the
velocity vectors superimposed on the geologic
cross-section.

This computer code calculates the contaminant release
rates and cumulative release at designated boundaries.
The code uses the results from the CHAINT model and
produces graphical output.

This computer model is used to cross-check the flow
and transport predictions of the MAGNUM and CHAINT
models.

This code is used for interactive plotting of the
predictions generated by the SEMTRA, FEMTRA, MAGNUM,
CHAINT, and PORFLO models. The code output consists
of time history plots and/or profile plots.

This code is used for interactive plotting of the
predictions generated by the FEMTRA, MAGNUM, CHAINT,
and PORFLO models. The code output consists of
contour plots showing the vertical and/or horizontal
distribution of hydraulic driving forces and/or
contaminant concentrations.

A suite of support software used to generate, check,
optimize, and plot the input data for the finite
element models, (i.g_ SFMTRA FENITRA, MAGNUM, and
CHAINT computer models).
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5.5.2.3 Preliminary Applications of Computer Models. Model

applications were initiated in the following four areas: (1) analysis and

curve fitting of soil hydraulic properties, (2) simulation of environmental

heat transfer and calculation of soil temperature profiles, (3) simulation

of moisture transport for surface water ponding conditions, and

(4) analysis of organic vapor transport from the waste disposal pits.

Highlights and example results from these model applications are presented

here.

The computer code SOIL was used to analyze laboratory data on the

moisture release curve (i.e., relation between capillary pressure and

volumetric moisture content). The SOIL code fits a closed-form equation to

the measured data using nonlinear least squares and then computes the

hydraulic conductivity curve using an empirical theory. The specific

mathematical approach used in the code is described by Van Genuchten (1978

and 1980). An example of outputs from the SOIL computer code is presented

in Figure 66, which was derived from data obtained from laboratory analysis

of a soil sample from borehole 010. These curves will vary depending on

the properties of the soil sample (particle size, clay content, etc.).

These curves are specifically used for:

• Estimating the moisture content levels of the interbeds directly

from the field measured values of metric potential

• Estimating the hydraulic conductivity of the sediments as a

function of moisture content or matric potential

• As input data to computer models that predict percolation rates

through the vadose zone.

These curves represent the most fundamental characterization of the

moisture properties of the vadose zone and are essential to a quantitative

understanding of the processes controlling moisture movement.
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Figure 66. Soil-moisture relations generated by the SOIL, computer code
(sample taken from deep borehole 010).
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Soil temperatures in the upper portion of the vadose zone were

simulated using the SEMTRA computer code (Baca et al., 1978), which was

developed at Hanford. The purpose of this application was to estimate the

temperature ranges and variations that occur in the vicinity of the waste

disposal pits. Soil temperature measurements (Yanskey et al., 1966)

collected near Test Area North (TAN) were used to calibrate the model. The

SEMTRA code was run to simulate daily average temperatures in the

subsurface. Calculated soil temperatures for various months are presented

in. Figure 67. In subsequent effort, the SEMTRA code will be calibrated

using soil temperatures measured at the Test Trench facility located at the

RWMC.

Soil temperature is an important hydrologic parameter because it plays

a key role in a number of processes, such as:

• Evapotranspiration and its contribution to the net water flux at

the air-soil interface

• Release of the vapor phases from volatile liquid contaminants

that have leaked into the sediments

• Variation of soil hydraulic conductivity resulting from changes

in fluid density and viscosity

• Vapor phase transport of soil-moisture.

Because of its strong effect on flow and transport processes, soil

temperature and its variation is a basic factor that must be included .in

the vadose zone models.

The TRACR3D computer code (Travis, 1984), developed at Los Alamos

National Laboratory, was applied to model the process of soil moisture

movement in the upper portion of the vadose zone. The soil moisture

profiles computed for this simulation with the TRACR3D code are shown in

Figure 68. The purpose of this simulation was to study the patterns of
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soil moisture movement resulting from water ponding at the soil surface.

The simulation was also intended specifically to test the numerical

capabilities of the code. The simulation assumed initial saturations of

0.35 in the surficial sediments and 0.20 in the underlying basalt, and a

release to the soil surface (by ponding) of 10 cm of water. In addition,

it was Assumed that the hacalt had a permeability of approXimately four

orders of magnitude greater than that of the sediments. The simulations

indicate that a steep moisture front moves slowly through the surficial

sediments' Unnn rearhing the sediment-basalt interface, the moisture

drains quickly into the basalt.

The rHATNT rnmputer code (Rara et al., 19A4; Kline et al., 1985),

developed at Hanford, was used to simulate the organic vapor transport from

the disposal pits at the RWMC. The computer simulation represents a

prartiral appliratinn nf the cHAINT rndo to A cite-sperifir dnntaminaht

transport problem. The basic objective of the computer simulation was to

evaluate the nature and scope of the VOC problem. A number of technical

icemac more Alen avaluatari,

• What factors are controlling the vapor release rate?

• Which volatile organic compound is of most concern?

What is the possihle extent nf the vApnr plume']

• How long will the vapor problems persist?

• What potential remedial measures should be evaluated?

[king the estimated inventnriec nf nrgAnic rompnuntis (Hitpmerf in nits 4,

5, 6, 9, and 10) and a vapor release submodel, the CHAINT computer code

generated a simulation of the vapor plume history from 1966 to 1987. The

rnria ralrnlatad ea pmr diffusion through the suhsurface anA the

concentrations of the organic vapors at various points in space and time.

The VOCs of the output in the pits consisted of carbon tetrachloride,
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chloroform, trichloroethylene, tetrachloroethylene, and trichioroethane.

sample from the computer simulation of the carbon tetrachloride plume is

shown in Figure 69.

that:

The computer study of the organic vapor problem at the RWMC indicated

• Soil temperature is a key factor controlling vapor release rate

• Carbon tetrachloride appears to be the volatile organic compound

of primary concern

• The carbon tetrachloride plume appears to have spread a

significant distance in the lateral direction and vertically to

the water table

• The carbon tetrachloride plume may persist in the subsurface for

tens of years, if no remedial measures are used

• Air stripping may be a very effective and inexpensive remedial

measure.

5.5.3 Discussion

In this reporting period, significant progress has been made in

assembling the computer modeling capability needed to address the issues of

waste disposal at the RWMC. This progress was made primarily by acquiring

existing computer models have been developed and applied at other DOE

sites. There remains, however, a need to demonstrate the adequacy of the

various computer codes to handle the unique hydrogeology beneath the RWMC.

In addition, there is a need for some basic research into flow in

unsaturated fractured basalt because no definitive theory currently exists

that explains the physics of flow under these conditions. In this section,

we outline the current view regarding the adequacy of the computer models,

specific research areas that need to be addressed, and discussion of data

needs.
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5.5.3.1 Adequacy of Computer Models. The full suite of computer

models (discussed in Section 5.5.2.2) that has been acquired has been

tested using available site data. The results of this initial testing

indicate that the computer models will be able to simulate a wide range of

hydrogeologic conditions and scenarios of interest. There are two areas,

however, that will require some additional code refinement.

In the first area, the SEMTRA code will need to be refined to improve

its capability to: (1) realistically describe evapotranspiration effects,

(2) explicitly compute the solar heating and cooling at the air-soil

interface from meteorologic data, and (3) better handle the large

permeability contrasts that exist between the sedimentary and basalt

layers. These model refinements will involve a relatively small man-effort

but will substantially improve the model's predictive capability.

In the second area, the TRACR3D code will need to be streamlined and,

to some extent, debugged. Preliminary testing of the TRACR3D code

indicates that it is a very powerful simulation tool with exceptionally

robust numerical algorithms. The version of the code provided to INEL by

Los Alamos National Laboratory, however, is an experimental version. The

TRACR3D code is still very much in a development stage, and the final

version of code is not expected be available until late FY-1988 or early

FY-1989. Another limitation of the code is that the existing documentation

(Travis, 1984) is out of date with the current version. An interim user's

guide was prepared during this reporting period for use by the INEL staff.

5.5.3.2 Research Needs. At present, the computer models represent a

strong and defensible basis for assessing the isolation performance of the

burial sites at the RWMC. One area that it theoretically tenuous, however,

is the representation of the soil moisture characteristics of the basalts

in the unsaturated zone. Currently, the computer models utilize empirical

relations for the water release and hydraulic conductivity curves of

basalt. Examples of these curves are shown in Figure 70. These curves

represent, at best, educated guesses of the soil moisture characteristics

of the fractured basalt, because unlike the curves shown in Figure 66 for
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Figure 70. Soil moisture characteristics of the basalt as derived from
empirical relations.

sediments, they are derived from empirical relations instead of actual data

obtained from laboratory analysis of samples. There is a definite need to

conduct laboratory experiments and to develop a methodology for estimating

these curves from the fracture characteristics determined from cores.

The properties of unsaturated fractured rocks is a new area of

research, and only recently have theories been proposed in the literature

(Wang and Narasimhan, 1985). Laboratory studies are needed to provide a
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basis for developing a sound mathematical theory of unsaturated flow in

fractured rocks. To address this need, a joint effort between the INEL and

the University of Utah is planned.

Another area of needed research is waste leachability and the

development of a source term submodel. There is a need to initiate an

effort to develop a source term submodel that will process laboratory data

from leach tests and generate input data for the computer models. This

submodel should consider the properties of the waste, properties of

surficial sediments, and percolation rates. The output of the source term

submodel would be the mass release rate as a function of time.

5.5.3.3 Data Needs and Emphasis. The current characterization

program is designed to provide the data needed for calibration of the

models and for the ultimate assessment of the isolation performance of the

RWMC. From the initial modeling studies that were conducted in this

reporting period, it is apparent that greater emphasis needs to be placed

on the collection of data for soil moisture characterization of the

sedimentary zones. In particular, significantly more data are needed for

the following three parameters:

• Saturated hydraulic conductivity

• Water release curve (matric potential versus moisture content)

• Effective porosity.

These data can be determined from laboratory testing of available soil

samples.

Future analysis and interpretation of the existing field data will

provide key input to the computer modeling effort. Interpretations of

matric potential data, for example, will be especially important to the

development of a conceptual model of how water moves through the

unsaturated zone. Without this conceptual model, no meaningful computer
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modeling would be possible. These data can be used to begin calibration of

the unsaturated flow models SEMTRA and TRACR3D. A closily coordinated

effort is planned between the modeling and the data collection activity at

the Test Trench.

Greater emphasis needs to be placed on collection of laboratory data

(applicable to the RWMC subsurface environment) pertaining to chemical

properties (e.g., sorption and solubility) of the key radionuclides.

Laboratory studies should be undertaken to address the issue of possible

colloidal transport of selected radionuclides.

Additional geologic characterization of the RWMC is needed with

particular emphasis on identifying zones in the basalt that might act as

preferential pathways. Basalt core samples should be examined and tested

in the laboratory to characterize the nature of basalt porosity. Fracture

logging should be performed to provide data on the fracture frequency,

aperture s and orientation. Geologic evaluations are needed to address the

question of potential large-scale discontinuities through the basalts.

This type of information is crucial to the analysis of contaminant

transport through the vadose zone.

5.6 Radionuclide Concentrations

5.6.1 Introduction

Interbed sediment samples obtained during drilling activities at the

RWMC were subjected to several analytical procedures to determine the.

presence of 29 radionuclides. These radionuclides are listed as follows:

46
Sc 103Ru 152

Eu

51
Sc 106

Rh 154Eu

110 54Mn54Mn 155
Eu

58Co 124
Sb 181Hf

60Co 125
Sb 182

Ta
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59
Fe 

134
Cs 

203
Hg

65
a 

137
Cs 

238
Pu

90
Sr 

141
Ce 

239.240
Pu

.1.1
IAA 241

"Zr "Ce 'Am

96
Nb 

144
Pr

From this listing of 29 radionuclides, seven radionuclides were

positively detected at measurable levels (measured value was greater than

three times the standard deviation): 
238

Pu, 
239
'
240Pu, 

241
Am,

90
Sr, 

137
Cs, 

60
Co, and 

154Eu. 
The radiochemistry laboratory

analyzed samples for
238

Pu, 
239
'
240

Pu and 
241

Am using alpha

spectrometry. (The presence of 
241

Am was determined by both alpha

spectrometry and gamma counting, but because the alpha calculation is more

sensitive and accurate, only the alpha spectrometric value is listed.)

Beta counting was used for 
90

Sr analysis. These alpha and beta values

were determined by using 1000 minute and 200 minute counts, respectively

(unless otherwise indicated in the tables). 137Cs' 60Co' 
and 154

Eu
were measured by gamma counting. Sediment-water samples collected from

porous cup lysimeters were analyzed for the same 29 radionuclides.

Analyses of sediment-water samples will aid in determining the extent of

radionuclide contamination and the degree of contaminant mobility. -

5.6.2 Summary of Accomplishments

A total •of 112 sediment samples from the FY-1985 shallow drilling

program and 30 sediment samples from FY-1986 shallow drilling program were

submitted for radiochemical analyses using gamma spectroscopy, alpha,

spectroscopy, and beta counting. A total of 14 sediment samples from the

FY-1986 deep drilling program were submitted for these same radiochemical

analyses. In addition, twelve sediment-water samples collected from porous

cup lysimeters were subjected to alpha, beta, and gamma radionuclide

determinations.
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5.6.3 Discussion

5.6.3.1 Sediment Sample Analyses. Results of the radiochemical

analyses of samples obtained during the FY-I985 and FY-1986 shallow

drilling programs are given in Tables 18 and I9, respectively. Results of

the radiochemical analyses of samples obtained from FY-1986 deep drilling,

along with some of the FY-1987 deep drilling sample analysis results, are

given in Table 20. Of the 29 radionuclides listed in Section 5.6.1, only

those that showed positive results in the samples are listed in the

tables. Because 
60

Co and 
154

Eu were not detected in any of the 1986

shallow drilling samples or in any of the deep drilling samples analyzed to

date, these radionuclides are not listed in Tables 19 and 20.

Entries in these tables consist of the reported concentration of each

radionuclide followed by a measure of the analytical uncertainty estimated

at the one standard deviation level. This uncertainty incorporates all

random uncertainties incurred anywhere in the entire measurements process.

A significant number of entries in Tables 18, 19, and 20 have negative

signs. Obviously, negative concentrations cannot be real. They arise

because both gross (sample plus background) and background radioactivity

counts are subject to the same random variation. When gross radioactivity

is about the same as background radioactivity, the difference (the

calculated level of radioactivity in the sample) is sometimes negative.

Radionuclide determinations are considered to be positive when the

reported concentration is greater than three times the analytical

uncertainty. All analytical uncertainties shown in the tables have been

properly propagated (Sill, 1982). A positive determination is equivalent

to saying there is approximately 99% confidence that the radionuclide is

actually present in the sample.

The majority of positive sample detections listed in Tables 18 and Ig

are associated with auger samples collected close to land surface (within

20 inches of the surface). Of the 44 positive values for radionuclides in

135



TABLE 18. RWMC SEDIMENT SAMPLE RADIOCHEMICAL ANALYSIS RESULTS: SAMPLE FROM THE FY-1985 SHALLOW DRILLING PROGRAM

Sample
Depth
(in.)

WO1

238
Pu

(uCi/g)

239,240pu

(ECi/g)

241
Am

(2C1/0

90
Sr

(aCi/g)

60
Co

( Cita)

137Cs
(pCi/g)

154
Eu

(2.Ci/i)

Auger Hole

C-11M 20 2.0 ± 1.4 (-09 -6 ± 8 E-10 -8/ 8 E-10 3.1 ± 1.5E-08 -14 ± 8 E-09 9± 9 E-09 -2.2 ± 1.0 E-08
C-12M 41 1.7 ± 1..3 (-09 1.0 ± 1.3 E-09 -2 ± 10 E-10 5.8 ± 1.9 (-08* 20 + 8 E-09 5 + 9 E-09 -17 + 7 E-09
C-13M 62 2.1 ± 1.4 E-09 -6 ± 8 E-10 6 ± 10 E-10 0.8 ± 1.6 E-08 -4 ± 9 E-09 0 ± 1.0 E-08 -1.1 ± 1.8 E-08
C-14M 83 1.1 ± 0.9 (-09 2.2 ± 1.3 (-09 1.3 ± 1.6 E-09 9 ± 3 E-08 0 + 9 E-07 23 ± 8 (-09 3.1 ± 1.9 E-08

Auger Hole WO2

C-24M 20 4.5 ± 0.4 E-08* 2.56 ± 0.14 E-06* 2.46 ± 0.11 E-06* 5.2 ± 0.3 E-07* 2.0 ± 1.0 E-08 180 ± 7 E-08* 1 ± ? E-09
C-25M 41 4 ± 2 E-09 -7 ± 10 E-I0 9 ± 12 E-10 1.1 ± 1.6 E-08 11 + 7 (-09 4 + 8 E-09 0.5 ± 1.7 E-08
C-26M 62 2.9 ± 1.5 (-09 7 ± 13 (-10 -7 ± 10 E-10 4.7 ± 1.8 E-08 1.4 ± 1.5 E-08 -4 ± 8 E-09 -5 ± 2 E-08
C-27M 83 4.1 ± 0.4 E-08* 1.44 ± 0.04 E-Ofi* 2.5 t 1.1 E-09 2.9 ± 1.6 E-08 10 + 7 (-09 8 ± 8 E-09 -1 ± 7 E-09
C-28M 104 2.5 ± 1.6E-09 -6 + 9 (-10 -3 ± 9 E-10 4 ± 2 (-08 " ± 8 E-09 -2 ± 3 E-f'8 -6 + Z (-08
C-29M 125 2 ± 2 (-09 1.8 ± 1.4 E-09 8 ± 10 E-10 -0.3 ± 1.7 E-08 -9 ± 9 (-09 3 + 9 E-a9 -1.9 ± %5(-08

C-30M 146 2.4 ± 1.5 (-09 3 ± 9 E-1n -1.5 ± 0.8 E-09 0.3 ± 1.7 (-08 2 + 9 E-n9 -4 ± 9 E-09 -1 ± 1-08
C-31M 166 4 ± 2 E-09 4 ± 13 (-10 1 ± 9 [-ILI 3.2 ± 1.8 E-08 + 2 E-08* 3.0 ± 1.7 E-A -0.8 t '.6 E-08

Auger Hole W03

C-32M 20 1.3 ± 0.2 (-08* 5.5 ± 0.2 E-07* 1.63 ± 0.06 E-Ofi* 2.0 ± 0.2 E-07* 2 . 8 E-09 10.0 ± 1.1 E-08* 7 ± 3 (-09

C-33M 41 2.6 ± 1.4 (-09 3 ± 9 E-10 -6 ± 12 (-10 2.7 ± 0.2 E-07* -0.4 . 1.8(-08 -14± 7 E-09 -4 ± (-09

C-34M 60 1 t 3 (-09 3 ± 3 E-09 6 ± 11 E-I0 . ? E-118 0.7 . 1.9 E-08 2.6 ± 1.2 F-A 1.4 ± '.4 E-08

C-35M 79 2.3 ± 1.6 E-09 -1.2 ± 1.0 (-09 -1 ± 9 E-10 0.9 ± 1.6 E-08 -6 + 8 (-09 1 ± 8 E-09 -1.1 ± 1.4 E-08

C-36M 100 2.2 ± 1.5 (-09 -3 ± 10 (-10 1.3 ± 0.3 E-08* 6.6 ± 1.8 E-08 -27 ± 7 E-09 -3 ± 8 [-0(7 -7 ± 2 (-08

C-37M 121 1.3 ± 1.9 E-09 1.3 ± 1.3 E-09 7 ± 10 E-10 3.8 ± 1.7 E-08 -3 + 9 (-09 -9 ± 9 1-09 -6 ± 4 (-08

Auger Hole W04

C-38M 20 8.8 ± 1.8 E-n9* 8.? t 0.5 E-08* 7.4 ± 0.5 (-OP 1.0± 1.6E-08 24 ± 8 E-09* 4.2 ± 1.0 F-r)8* -3 ± 2 E-09
C-39M 41 5.2 ± 1.7 E-09* 2.8 ± 0.3 E-08* 9.2 ± 0.5 E-08* 1 t 2 E-08 -2 ± 6 E-09 15± 7 E-a9 -1.0 ± '.2(-08
C-40M 62 1.7 ± 1.6 (-09 1.0 ± 1.1 E-09 -1 ± 8 E-10 1.9 ± 0.3(-07 -0.9 ± 1.3 E-08 -5 ± 8 E-;-[9 -9 ± 3 E-09
C-41M 83 0.8 ± 1.1 (-09 1.1 ± 1.1 E-09 1.2 ± 1.7 E-09 0 + 4 E-0B -7 + 8 E-09 5± 9 1-09 -0 + 2 E-08
C-42M 104 0.9 ± 1.5 (-09 0.4 ± 1.2 E-09 -0.6 ± 1.3 E-09 2 ± 3 (-08 -2 + 9 (-09 13 ± 7 E-09 9 ± 3 E-09
C-43M 125 0.5 ± 1.3 (-09 0.5 ± 1.1 E-09 -0.1 ± 1.2 E-09 2 ± 3 E-08 5 t 9 E-09 16± 9 E-09 -0 ± '.6 E-08

C-44M 148 2.0 t 1.1 E-09 6 ± 7 E-10 -2.0 ± 1.0 (-09 1.1 ± 0.4(-07 -1 ± 8 E-09 5± 8 E-69 0.6 ± 1.4 E-08

C-45M 171 1.7 ± 1.5 (-09 0.8 ± 1.3 E-09 -0.3 + 1.1 E-09 . 3 E-08 -0.7 ± 1.5 E-08 -2.2 ± 1.9 E-08 1 + 3 (-08

C-46M 193 1.4 ± 1.4 E-09 1.0 ± 1.4 E-09 -0.2 ± 1.0 (-09 2 t 3 E-08 16 ± 3 E-08* 6 + 3 E-08 -4 t a E-08

C-47M 214 0.5 ± 1.1 E-09 8 ± 9 E-10 0„0± 1.2 E-09 6 + 3 E-08 -6 + 7 E-09 11 ± 7 E-09 -0.8+ 1.6 (-08

C-48M 236 0.8 ± 1.2 E-09 8 ± 9 E-10 -0.2 ± 1.1 E-n9 4 ± 4 E-08 -1 ± 8 (-09 16 ± 8 (-09 0.4 t 1.6 E-08

C-49M 258 0.7 ± 1.0 E-09 1.9 ± 1.5 E-09 -0.1'± 1.2 E -09 7.4 ± 1.9 E-08* -23 ± 9 (-09 3± 7 E-09 1.1 ± 1.1 (-08

C-50M 279 3.1 ± 1.7 E-09 0.8 ± 1.0 E-09 -0.1 ± 1.2 E-09 4 ± 4 E-08 4 . 9 (-09 7± 8 E -i-19 0 ± '.7 E-08



TABLE 18. (continued)

Depth
Sample (in.) 

Auger Hole W08

C-109M
C-11CM
C-111M
C-112M
C-113M
C-114M
C-115M
C-116M
C-117M
C-118M
C-119M
C-120M
C-I218
C-121M

18
39
60
81
102
122
142
163
184
207
231
252
265

to Auger Hole W10

C-15M
C-16M
C-17M
C-18M
C-19M

19
40
61
82
103

Auger Hole W12

C-53M 19
C-54M 40

Auger Hole 112

C-55M
C-56M
C-57M

238
Pui

GCVO 

1.3 ± 1.1 E-09
3.0 ± 1.4 E-09
5 t 2 E-09

1.3 ± 1.7 E-09
4.4 ± 1.7 E-09
1.8 t 1.3 E-09
0.7 ± 1.3E-09
0.5 ± 1.0 E-09
1.2 ± 1.1 E-09
0.7 ± 1.2 E-09
1.0 ± 1.3 [-09
1.0 ± 0.9 E-09
0 ± 9 E-09

2.0 ± 1.8 E-09
1.5 ± 1.5 E-09
1.9 ± 1.2 E-09

1 ± ? E-09
2.3 ± 1.2 F-09

7 ± 10 E-10
1.3 ± 0.7 E-09

20 0 ± 9 E-09
41 2 ± 2 E-09
56 2.3 t 1.6 E-09

Auaer Hole W16

C-106M
C-107m
C-1Cm

18 0 ± 9 E-09
39 1.5 ± 1.2 E-09
55 5 : 2 E-09

239,240pu

0 + 9 E-09
1.3 ± 0.2 E-08*

2.35 ± 0.10 E-07*
E-10

1.2 ± - 1.4 E-09
8 ± 9 E-10
9 ± 9 E-10
7 ± 8 E-10

0.5 ± 1.0 F-09
0.7 + 1.0 E-09
0.6 t 1.3 E-09
4 + 7 E-10

1.6 ± 1.4 E-09

8 + 10 E-10
-1.5 ± 1.4 E-09

-8 + 7 E-10
0.5 ± 1.1 E-09
-3 + 7 E-10

9 ± 9 E-10
4„7 ± 1.0 E-09*

0 ± 9 E-09
1 ± 2 E-09

5.5 ± 1.6 E-09*

2 + 6 E-10
8 ± 9 E-10

1.63 ± 0.09 E-07*

241
Am 90cr

(kCi/q) VAL_

0 ± 9 E-09
5.3 ± 0.4 E-08*
1.16 ± 0.03 E-06*
-0.2 ± 1.1 E-09
-3 ± 9 E-10
0 ± 9 E-10

-0.2 ± 1.0 E-09
0.4 ± 1.2 E-09
-0.4 :± 1.1 t-09
1.0 1.2 E-09
-5 t 9 E-10

-0.2 t 1.2 E-09
0 ± 9 E-09

-2 1: 10 E-10
0.0 ± 1.3 E-09
-1 ± 10 E-10

-0.3 ±: 1.1 E-09
-1.1 ±: 0.9 E-08

1.6 + 1.6 E-09
-1.3 t 1.1 E-09

5.4 ± 1•9 E-08
3 ± 3 E-08

7.9 ± 0.4 E-07*
5 + 3 E-08
2 + 2 E-08
O + 3 E-09

-3 ± 3 E-08
_2 . 4 E-08
O ± 4 E-08
0 + 3 E-08
1 ± 3 E-08
-3 + 3 E-08
? + 2 F-08

2.4 ± 1,6 E-08
5 t 2 [-OS

1.9 ± 1.6 E-08
2 + 3 E-08

4,1 ± 1.6 E-08

5 ± 2 E-08
3 + 2 F-08

8 ± 2 E-09* 2 t 2 E-08
-2 ± 11 E-10 1.1 ± 0.2 E-07*
3 + 14 E-10 2± 2 E-08

-4 ± 9 E-10 1.0 ± 1.7 E-08
10 ± 12 E-11 2 ± 14 E-09
0 + 9 E-09 4 + 2 [-OS

60
Co

(pCiA) 

-16 ± 9 E-09
-1.0 + 1.0 E-08
36 ± 1.7 E-8*

0.2 ± 1,1 E-08
-7 ± 8 F-09
-1 ± 7 E-09

0.9 ± 1.0 F-08
0.9 ± 1.2 E-08
-24 ± 9 F-09
0.6 ± 1.0 E-08
-4 ± 7 F-09
1.2 + 1.5'E-08

-0.2 ± 1.2 1E-08

0 + 8 1E-09
0.1 ± 1.8 E-08
-2 ± 9 E-09
-0 ± 2 1E-08
1 * 8 C-09

6.4 ± 1.2 F-08*
4.7 ± 1.1 E-08*
55 ± 3 E-08'
-5. ± 8 E-09

8 F-09
8 E-09

1.0 1.0 E-080 
1.1 E-08

-17 ± 7 E-09
0.2 ± 1.0 E-08

±
13 

E-03
9 E-09

13 . 9 E-09

15+ 8 E-09
3.4 ± 1.2 E-08
4 . 9 E-09

3.5 ± 1.3 E-08
-1 ± 8 E-09

0.6 + 1.7 E-oe 1.8 t 1.1 E-08
-0.7 + 1.3 [-08

154
Eu

(2.Cit_91

1 + 5 E-08
-2 + 3 E-08
0.2± 1.0E-08
-4 + 2 E-08

0.8 ± 1.2 E-08
-1 ± 3 E-08
-2 ± 3 E-08

0.6 ± 1.8 E-U8
0.8 ± 1.6 E-08
5 ± 9 E-09

-6 • 7 E-09
-6 + 9 E-09

-2 + 8 E-09

0.1 ± 1.3 E-08
-0.6 ± 1.2 1E-08
0.5 ± 1,4 E-08
-2.3 ± 1.6 E-08
-10 ± 7 E-09

-2 t 5 E-08
8.6 ± 1.2 E-08* 0.2 ± 1.2 E-08

-0.3 ± 1.8 r-na 9.6 ± 1.3 E_08-k

-1.6 ± 1.9 F-08

-0.4 ± 1.2 F-08
-14 ± 8 E-09
-70 ± 6 F-09

-8 + 8 E-09

1.5 ± 1.0 E-08
15 + 9 E-09

-29 ± d E-09

-0 ± 1.3 E-08

-4 + 7 E-09

-0.4 ± 1.0 E-08
-3 + 3 E-09
13 ± 5 E-09



TABLE 18. (continued)

Sample
Depth
(in.)

238
Pu

(P.jC119)

239,240pu

(JECi/ )

241
Am 90

Sr
(pCi/q)

60
Co

137
Cs

(kCi/g)

154
Eu

(JECifs)

Auger Hole W19

C-604 18 9 ± 10 E-10 -6 ± 8 1-10 5 ± 11 1-10 1.9 ± 0.4 (-07* 1.1 ± 1.3(-00 5± 9 2-09 -13 : 8 E-09
C-614 39 0.6 ± 1.1 E-09 0.4 ± 1.2 1-09 -0.2 ± 1.5 1-09 2 ± 4 1-08 22 * 5 E-08* 4± 3 2-08 -0 t 3 1-08
C-624 60 1.1 ± 1.2 (-09 1.1 ± 1.3 (-09 0.0 ± 1.0 1-n9 -4 + 3 1-08 -5 ± 7 1-09 -5 + 7 2-09 -13± 7 (-09
C-63M 81 1.6 t 1.4 1-09 8 ± 9 (-10 -0.4 ± 1.0 (-09 1 + 3 E-08 2 ± 9 1-09 -14 ± 9 1-09 -4 ± B 1-09
C-644 102 8 ± 7 1-10 5 ± 6 (-10 -1.7 ± 0.8 1-09 2 t 2 1-08 5 ± 9 1-09 13 ± 9 2-09 -0 ± 8 1-09
C-654 123 1.3 ± 1.5 1-09 1.0 ± 1.1 E-09 -0.7 ± 1.2 1-09 4 ± 4 E-08 1 t 2 1-08 1.5 ± 1.2 2-1,18 -1 t 2 1-08
C-664 144 0.8 ± 1.5 (-09 0.5 ± 1.0 E-09 -3 ± 9 1-10 -1 ± 3 1-06 1.4 ± 1.8 1-08 1.8 t 1.1 2-08 0 : 4 (-08
C-674 165 1.6 ± 1.6 (-09 1.8 ± 1.7 (-09 -0.1 ± 1.1 (-09 1 ± 2 1-08 0.9± 1.8(-08 2.1 ± 1.1 E-08 0 t 8 1-09
C-664 186 1.8 ± 1.2 1-09 1.3 ± 1.1 E-09 0.5 ± 1.1 F-n9 -7 t a 1-08 -0.3 ± 1.9 E-1)8 2.3 ± 1.2 17 : 9 (-09
C-69M 199 1.4 ± 1..6 E-09 5 ± 9 (-10 -2 + 11 (-10 2 ± 2 E-08 -0.8 ± 1.7 1-08 2.1 . 1.1 2-08 29 t 9 (-09*

Auger Hole W20

C-76M 19 1.8 ± 0.2 1-08* 1.47 ± 0.07 F-07* 7.? ± 0.4 E-08* 1.9 ± 0.3 1-07* 15 t 9 E-ng 15.2 t 1.3 0.8 1.0 (-08
C-774 40 1.1 ± 1.4 1-09 4 ± 7 (-10 -0.5 ± 1.0 1-09 2 ± 3 (-OR -6 ± 9 1-09 -7 + 9 =-09 -4 3 (-09
C-784 61 0.6 ± 1.1 1-09 0.4 ± 1.0 1-09 -0.3 ± 1.1 (-99 -2 * 3 1-08 -1 ± 9 1-119 -4 1. Q r-n9 12 : 8 (-09
C-79M 82 1.1 ± 1.5 1-09 -6 * 9 E-10 -0 + 9 (-09 3 + 3 E-08 -0.8± 1.9(-08 -19 ± 9 2-09 -8 : 8 (-09

Auger Hole 4122

C-714 19 9 ± 8 1-10 4 ± 8 1-10 -4 ± 11 1-10 3 ± 3 1-08 2 + 2 (-08 1.4 ± 1.1 .7-218 -0 t 9 E-09
C-72M 40 0.5 ± 1,0 1-09 5 ± 7 1-10 -0.1 ± 1.0 (-09 3 ± 3 1-08 1.6 ± 1,9(-08 2.7 ± 1.1 F.-CiE, -1.3 : 1.3 E-08
C-734 61 1.0 ± 1.1 (-09 6 ± 9 1-10 0.0 ± 1.1 E-09 -1 ± 4 1-08 -1 t 2 1-08 0.5 ± 1.2 2-08 -0.2 : 1.6 1-08
C-744 82 2.5 ± 1.3 (-09 5 + 9 E-10 -0.2 ± 1.1 (-09 2 ± 4 1-08 2 . 2 E-08 3.3 ± 1.4 -0.6 1.9 1-08
C-75M 100 9 ± 9 (-10 -2 ± 8 1-10 9 ± 15 1-16 3 ± 2 E-08 0.7 ± 1,9 E-08 2.1 ± 1.2 =-08 9 1-09

Auger Hole W23

C-808 18 4.2 ± 1.0 E-nEo 1.10 ± 0.05 1-06* 8.0 ± 0.4 1-07., 2 ± 2 1-08 4.9 ± 1.0 1-08* 43 ± 2 E-C8* 8 8 1-09
C-81M 39 0.8 ± 1.2 (-09 0.5 ± 1.1 1-09 -0.3 ± 1.1 E-09 -1 ± 4 1-08 -42 ± B 1-09 -31 ± B E -C19 4 f 8 (-09
C-824 60 3.0 ± 1.6 E-09 8 ± 2 1-09* -0.3 ± 1,2 1-09 -1 ± 3 1-08 -0.4 ± 1.0 1.-08 -2 ± 9 5-09 -2 : 8 (-09
C-834 81 0.7 ± 1.0 (-09 -5 ± 7 E-10 -6 ± 9 1-10 -2 ± 4 1-08 -0.3 ± 1,1 (-08 -9 ± 7 2-09 -4 6 (-09
C-84M 102 8 ± 9 1-10 4 . A 1-10 -0.1 ± 1.4 E-n9 -1 ± 3 1-08 -0.2 ± 1.2(-08 -9 4 7 77-09 -3 : 7 (-09
C-135M 123 3 ± 2 E-09 4 ± 14 1-10 A + II (-10 1 ± 2 1-08 -9 ± 7 E-09 1 t 7 E-09 -3 : 6 (-09
C-86M 144 2.0 ± 1.6 (-09 2.9 ± 1.7 1-09 -0.5 ± 1.0 1419 1 ± 3 1-08 -11 ± 7 1-09 0.6 ± 1.0 2-03 -1.5 : 1.0 1-08
C-67M 165 0.5 ± 1.0 1-09 5 1-10 0.0+ 1.2 1-09 4 ± 3 E-08 -1.8 ± 1,0(-08 -0 ± 1.0 E-03 1 9 1-09
C-884
C-89M

186
207

0.7 ± 1.2 (-09
0.7 ± 1.2 1-09

0.5 ± 1.0
9± 9

1-09
1-10

-6'+ 4 E-10
1.3 ± 0.2 1-08

a ± 4
2 ± 3

E-n8
1-08

-20 ± 9
-04 ± 1,4

1-09
(-08

-1.3 ± 1.0
-12 t 9

E-08
=-09

-1 : 8 1-09
-5.4 1.8 E-08

C-90M 228 1.7 ± 1.1 (-09 2 ± 1-10 -4 ± ° E-1(1 1 ± 2 E-08 ± 8 (-09 -12 t 8 249 8 7 1-09



TABLE 18. (continued)

Depth
Sample (in.),

Auger Hole 123 

C-9IM
C-92M
C-93M
C-94m
C-96M
C-97M
C-98M
C-99M
C-100M
C-1O1M
C-102M

238
Pu

(E_Cl/0 

19 6.6 ± 1.3 8-08*
40 2.6 ± 1.4 E-09
61 1.2 ± 1.5 8-09
82 7 ± 8 8-10
114 2.34 ± 0.12' 8-07*
135 0.7 ± 1.6 8-09
156 0.6 ± 1.0 8-09
177 0.7 I 1.0 E-09
198 0.7 ± 1.0 8-09
219 0.5 ± 1.4 8-09
234 3 ± 10 E-10

Auoer Hole CO2

C-103M
C-104M
C-105M

17 6 ± 14 8-10
38 1.1 ± 1.7 8-09
57 0 ± 9 E-09

Auger  Mole PA01 

C-122M
C-123M
C-124M
C-125M
C-126M
C-I27M
C-128M
C-129M

19
39
60
81
102
123
144
168

Auger Hole PA02 

C-130M
C-13111
C-13211

3.8 ± 0.4
1.1 t 1.2
1.6 ± 1.2
1.0 ± 1.5
0.6 ± 1.0
4 + 7

0.8 ± 1.2
1.3 ± 1.0

8-07*
8-09
8-09
8-09
8-09
8-10
8-09
8-09

20 7.0 ± 2.0 8-09*
54 6.4 + 0.2 8-06*
75 1.3 ± 0.3 8-07*

239,240pu

(C-1/9) 

4.53 ± 0.15 8-06*
2.4 ± 0.3 8-08*
0.8 ± 1.4 8-09
5± 8 E-10

1.6 ± 1.6 E-09
0.9 ± 1.4 8-09
4 ± 7 8-10
5 + 8 81-10

0.7 ± 1.2 8-09
0.7 ± 1.3 8-09
6 ± 10 E-10

3 + 11 E-10
0 + 9 8-09

1.4 ± 1.5 8-09

F.4 ± 0.2
0.6 ± 1.0
1.3 ± 1.0
2.1 ± 1.7
4 * 9
4 * 5

0.4 ± 1.0
1.1 ± 0.8

8-06*
8-09
8-(19
8-09
8-10
E-10
8-09
E-09

1.03 ± 0.06 8-07*
3.34 ± 0.06 8-05*
8.2 ± 0.7 8-07*

*Sample result positive (i.e., or-pater than three sigma).

241Am
1pCl/o)

7.5 ± 0.2
6.5 ± 0.4
0.0 ± 1.9
2 ± 4
4 ± 10

0.3 ± 1.4
-0.4 ± 1.1
-0.3 t 1.3
0.6 t 1.2
5 t 9

-1.7 t 1.0

8-06*
8-08*
8-09
8-09
8-10
8-09
8-09
8-09
8-09
8-10
8-09

3 ± 15 8-10
0 A 9 8-09
0 A 9 8-09

1.62 ± 0.05 8-05*
-0.3 3 1.1 8-09
0.2 ± 1.1 8-09

0±: 9 8-09
-0.1 1 1.1 8-09
-0.3 t 1.0 8-09
-0.4 ±: 1.0 8-09

01 9 8-09

2.94 ! 0.12 8-07*
1.54 0.03 8-04*
4.37 ± 0.19 8-06*

og• Sr

2.0 t 0.3 8-07*
0 ± 3 8-08
3 2 3 8-08
2 2 3 E-08
4 ± 2 8-08
3 ± 3 8-08
1 2 4 8-08

-4 ± 3 8-08
3 I 3 8-08
+ 4 8-08

1 ± 3 8-08

2.0 + 1.8 8-08
1 * 2 8-08
6 ± 2 E-na

1.9 t 0.3 E-07*
4 + 3 8-08
1 + 3 E-08

-1 + 2 8-08
-1 ± 3 E-08
0 + 3 8-08
4 + 3 8-08
3 + 3 E-08

5 + 3 8-08
1.28 ± 0.04 8-06*
6.7 ± 0.3 8-07*

60
Co

Vito]

-1 ± 9 8-09
0.7 ± 1.5 8-08
.3 . 6 8-08
-3 + 4 8-08
-3 t 3 8-08
-2 + 4 8-08
-3 ± 7 8-08
-6 + 6 E-08
-3 + 6 E-08
-4 + 5 8-08
-6 + 3 E-08

-4 + 5 8-08
-0.2 ± 1.6 8-08
-4 + 4 8-08

1.0+ 1.3 8-08
0.3 ± 1.0 8-08
-3 + 3 8-08
0 + 2 8-08

-3.6 ± 1.1 E-08
0 + 2 8-08

-0.7 ± 1.0 8-08
0.6 ± 1.3 8-08

0.6+ 1.8 8-08
1.3 ± 1.4 8-08

137
Cs

(  

31.2 ± 1.8 F-08*
3.0 + 1.2 8-08
8 ± 9 E-09
2 . 7 8-09

-ii ± 7 8-09
2 ± 7 8-09

-0.2 t 1.0 E-08
-5 ± 9 8-09
-A ± 8 8-09
9 ± 8 8-09

-5 ± 8 8-09

-7 ± 9 8-09
1.5 ± 1.0 8-08
-12 ± 9 E-09

23 t 1.7 8-08*
11 t 9 8-09
-8 ± 7 8-09
-1 ± 6 8-09
-1 5 8-09
1.0 + 1.1 8-08
1.1 ± 1.1 E-08
0.2 t 1.0E-08

6.1 ± 1.1 8-08*
18.7 t 1.5 8-08*

154
Eu

(Ji/9)

11 + 8 8-09
0.1 ± 1.4 8-08
-0.7 ± 1.2 8-06
12 + 9 8-09
-3 ± 6 E-09
-2 + 8 8-09

-0.7 ± 1.3 8-08
-11 ± 9 8-09
10 ± 8 (-09
3 ± 8 E-09

-6 ± 8 8-09

1 ± 8 8-09
-3 * 9 E-09
-8 ± 8 8-09

-7 ± 9 E-09
4 + 9 8-09
3 + 3 8-08

1.7± 1.8 8-08
-13 I 6 8-09
-0.4 ± 1.0 8-08
-0.4 ± 1.0 8-08
-12 ± 9 E-09

0.8 ± 1.1 8-08
0 + 2 8-08



TABLE 19. RWMC SEDIMENT SAMPLE RADIOCHEMICAL ANALYSIS RESULTS: SAMPLES FROM THE
FY-1986 SHALLOW DRILLING PROGRAM

Sample,
Depth
Lila

238
Pu

(00/g)

239,240
Pu

(pCl/q)

241
Am

(PC1/1:11

90
Sr

{pC1/g}

137
Cs

pCi/g)

Auger Hole W05

C2246 10 2.1 t 1.2 1-09 2.2 ± 0.3 1-08* 6.0 ± 0.5 1-08k 8 ± 5 1-08 1.88 ± 0.13 E-07*
C2266 50 0.8 ± 1.5 E-09 0.8 ± 1.2 1-09 1 ± 2 1-09 4.6 ± 1.9 1-08 9 ± 7 1-09
C2276 82 0.7 ± 1.1 1-09 5 ± 9 1-10 -0.1 ± 1,4 1-09 4 ± 4 1-08 -1 ± 7 E-09
C2286 102 1 i 4 E-10 -2 ± 3 1-10 0.2 ± 1,0 1-09 7 ± 3 1-08 1.3 ± 0.9 1-08
C2306 139 4 ± 4 (-09 2 ± 4 E-09 5 ± 6 1-09 1 ± 3 1-08 -2 ± 8 1-09
C2326 182 0.7 ± 1.1 1-09 4 ± 6 E-10 4 + 4 1-09 5 ± 7 1-06 4 ± 8 1-09

Auger Hole W06

C2336 10 0.8 t 1.2 1-09 0.6 ± 1.0 1-09 1.3 ± 0.2 1-08* 5 ± 3 1-08 1.13 ± 0.12 1-076
C2356 62 0.6 ± 1.0 (-09 6 t 9 I-I0 0.0 ± 1.2 1-09 3 ± 4 1-08 -4 ± 7 1-09
C2386 122 0.8 t 1.8 1-09 0.8 ± 1.7 1-09 0.0 ± 1.2 1-09 6 ± 4 1-08 3 ± 7 1-09

Auger Hole W09

C2846 10 1.1 ± 0.2 (-08* 7.3 ± 0.2 (-07* 2.28 ± 0.06 1-06* 9 ± 4 (-08 2.9 ± 0.9 1-08*
C2876 94 0.7 ± 1.3 1-09 1.1 t 1.0 (-09 0 t 1 1-10 5 ± 2 1-08 t 7 1-09
C2916 171 4 ± 9 (-10 4 t 6 (-10 0.0 ± 1.2 1-09 0 ± 2 1-08 -0 ± 8 1-09

Auger Hole W13

C2586 10 0.5 ± 1.5 (-09 0.8 t 1.4 1-09 1 ± 2 1-09 5 ± 3 1-08 1.09 ± 0.12 1-07k
C2606 50 1.0 ± 1.3 1-09 1.0 ± 1.0 (-09 2.8 ± 0.3 1-08* 2.0 ± 0.4 1-07* 1.0 ± 0.9 1-08
C2616 82 1.9 ± 1.1 E-09 2.3 ± 0.3 1-08k 5.5 ± 0.4 (-OP 5 ± 2 1-08 5.8 ± 1.1 1-08k
C2656 162 0.8 t 1.2 1-09 5 t 8 1-10 0.5 ± 1.3 1-09 2 i 3 E-08 0 t 8 1-09
C267M 202 0.8 ± 1.4 1-09 8 ± 9 1-10 0.0 ± 1.5 1-09 2 ± 3 1-08 1.2 ± 1.0 1-08

Auger Hole W17

C2726 10 4 t 7 1-10 4 ± 6 1-10 -0.2 t 1.2 (-03 5 ± 4 (-06 1.4 ± 0.8 1-08
C2l7N 122 6 t 8 1-10 4 t 6 E-10 0.6 ± 1.2 (-09 6 ± 7 1-08 1.6 ± 0.8 1-09
C2836 239 6 ± 8 1-10 4 t 7 1-10 0.0 t 1,1 1-09 6 t 4 1-08 -1 ± 8 1-09

Auger Hole W18

C2486 10 0.6 t 1.2 1-09 . 0.6 ± 1.1 1-09 -0.2 t 1.4 1-09 5 ± 3 1-08 6 ± 7 1-09
C2526 102 8± 9 1-10 3± 9 1-10 1.5 ± 1.8 1-09 2 ± 4 1-08 1.6 ± 0.8 1-09
C2576 194 0.5 t 1.3 (-09 0.8 ± 1.0 1-09 0.7 I 1.2 1-09 1 ± 3 1-06 1 ± 8 (-09



TABLE 19. (continued)

,...,
-Pb
1-...

Sample
Depth
(in.)

238
Pu

(0C1/g)

239,240
Pu

(pC1/0

241
Are

CpC1/0

90
Sr

(pC1/0 

137
Cs

Auger Hole W24

5 t 9
1.0 t 1.1
1.0 t 1.3

7 t 8
0.4 t 1.2
0.7 t 1.2

E-10
E-09
E-09

E-10
E-09
E-09

5 t 7
5 t 8
2± 8

-5 t 7
0.4 t 1.1
0.7 ± 1.0

E-10
E-10
E-10

E-10
E-09
E-09

-0.4 t 1.1
0 t 2

0.1 i 1.1

-0.3 t 1.2
0.6 t 1.2
0 t 2

E-09
E-09
E-09

E-09
f-09
E-09

5 t 4 E-08
-1 t 4 E-08
0 t 2 E-08

1 t 4 E-08
6 t I E-08
3 t 2 E-08

pCi/g1 

2.7 t 0.8 f-08*
3.3 1 1.2 f-08
0.9 t 1.0 f-08

1.5 t 0.7 [-08
7 t 9 [-09
1± 8 E-09

C209M 19
C211M 59
C213M 113

Auger Hole W25

C243M
C246M
C247M

90
162
179

*Sample result positive fi.e., greater than three sigma).



TABLE 20. RWMC SEDIMENT SAMPLE RADIOCHEMICAL ANALYSIS RESULTS: SAMPLES FROM THE DEEP DRILLING PROGRAM

Sample
Depth

(ft-in.)

238
Pu

(4140

Deep Hole DO2

0-13 1-2 to 1-8 2.6 ± 0.2 E-07*
0-17 9-2 to 9-8 6 + 9 1-10
D-20 15-6 to 16-0 1.49 ± 0.18 1-08*
D-30 233-10 to 224-4 1.3 ± 1.3 E-09

D-31 224-4 to 226-4 2.6 ± 1.1 1-09

D-34 (field split) 230-0 to 230-4 6.5 1.9 E-09*

D-34 (lab split) 230-0 to 230-4 3.22 0.17 1-08*

0-34 (lab split. 230-0 to 230-4 1.5 0.4 1-09*

4000-min count)
0-34 (lab split, 230-0 to 230-4 3.3 ± 0.6 1-09*

4000-min count)
D-344 (field split. 229-8 to 21D-0 2.4 ± 0.7 1-09*
4000-min count)
0-34A (lab split) 229-8 to 22D-0 1.3 ± 1.1 1-09

0-34A (lab split) 229-8 to 230-0 1.4 ± 1.1 1-09

0-35 232-3 to 232-7 1.6 ± 1.7 1-09
0-36 233-9 to 234-2 1.8 ± 1.5 1-09
0-37 234-9 to 235-2 1.4 ± 1.1 1-09

Deep Hole 006A

0-29 47-0 to 49-0 1.5 ± 1.2 1-09

Deep Hole TW1

0-42 (field split) 101-0 to 101-2 1.7 ± 0.2 1-08*
D-42 (lab subsplit) 101-0 to 101-2 1.18 ± 0.17 1-08*
D-43A (field split) 101-2 to 101-7 4-6 t 1.4 1-09*
0-43 (field subsplit) 101-2 to 101-7 6.3 ± 1.7 1-09*
0-43A (lab subsplit} 101-2 to 101-7 6.5 ± 1.6 1-09*

0-47 225-9 to 225-11 -4 ± 6 (-10
0-47 (lab subsplit) 225-9 to 225-11 7 t 7 1-10

0-48 226-10 to 227-7 0.8 ± 1.1 (-09
D-48 (lab subsplit) 226-10 to 227-7 5 t 9 (-10
0-48 (lab subsplit) 226-10 to 227-7 6 t 7 (-10

*Sample result positive (i.e., greater than three sigma).

239
'
240

Pu
(µCi/q)

1.13
0.6
2.55

8
7 1
+
 1
+
 1
+
 1
+
 1
+
 

0.05
1.1
0.09
9
8

0.8 ± 1.0
5.13 ± 0.2
2 t 3

1-06*
1-09
L-07*
1-10
1-10

1-09
-08*
1-10

:3 ± 4 1-10

3 ± 6 1-10

-3±71-1D
4 ± 6 E-10

1.1 ± 1.0 1-09
1.1 ± 1.4 1-09
1.0 ± 0.9 1-09

7 ± 7 1-10

7.4 ± 0.4 1-07*
6.1 ± 0.3 1-07*
1.97 ± 0.13 1-07*
1.90 ± 0.13 1-07*
2.00 ± 0.13 1-07*

8 t 7 1-10
2 t 6 1-10

3 t 6 1-10
2 t 7 f-10
7±7 1-10

ipCi/q)

241
Am

90
Sr

(0C1/q)

137
Cs

pCi/q)

1.52 ± 0.06 1-06' 1.9 ± 0.3 1-07' 7.2 ± 1.0 1-08*
0.3 ± 1.2 1-09 -2 i 3 1-08 1 ± 8 1-09
5.0 ± 0.5 1-08* 1.3 1 0.3 1-07' 10 ± 7 1-09

-0.1 ± 1.0 (-09 -2 ± 4 1-08 -2 ± 8 1-09
0.0 ± 1.2 1-09 2 ± 3 1-08 4 ± 7 1-09

0.3 ± 1.3 1-09 413.0 -0 .± 7 E-09

-0.2 ± 1.2 E-09 2 ± 3 1-08 7 ± 7 1-09
-0.3 ± 1.2 1-09 2 ± 4 1-08 0 ± 6 1-09
0.2 ± 1.4 1-09 -3 t 4 1-08 1.3 ± 0.7 1-08

-2 ± 9 1-10 4 ± 3 1-08 5 ± 2 1-08

4.4 ± 0.2 1-07* 5 ± 4 1-08
4.7 ± 0.2 1-07'
1.03 ± 0.08 1-01* 4 ± 3 1-08
1.06 ± 0.09 1-07'
1.31 ± 0.11 1-07'

2 ± 9 1E-10 6 ± 3 1-08
0.5 ± 1.0 1-09,

1.2 ± 1.4 1-09 3 1 3 1-08 3 + 1.6 (-08
0.7 ± 1.1 -OS
0.6 ± 1.2 1-091



FY-1985 and FY-1986 shallow drilling samples, 24 positive results are

associated with the uppermost sample collected. The surficial soil of the

RWMC has been analyze for radionurlirk, ,-nnrontrAtfrIns (Ar+hur, 1982) And

their background values are much higher (approximately two orders of

magnitude) than the detection limits used for radionuclide analyses in the

Subsurface Investigations Program. Slight downward movement of

radionuclide ions from the surficial soil into the subsurface would be

expected from the natural weathering process. This would explain the
a.f e^most.„16-1+ 1.44r!kt...v. .. ... of n -caw fain+ Aeepaumcyymuk, II IC VI p,ur 1,,w

beneath the surface.

However, positive radionuclide values were detected also in samples

taken from much deeper in the surficial sediments. These deeper (up to

21 ft deep) positive values reflect migration of radionuclides from waste

burie, at 4k- owurvim nrwm..

As shown in Table 20, positive radionuclide values were detected in

samples from the Deep Drilling program. Borehole n" wasLFUL. 
drilled Alkw4m^

N 111= 1.6611 gIVV

the FY-1986 season and TW1 during FY-1987. Positive values for 
238Pu and

239,240
Pu were detected in samples obtained from the 240-ft interbed in

nnn n.. Az- C....1 1 CA. " Y.N\I
uurnule UV& Int IVI V4 ILO I CHM! LiIY I F U111=1160 1..C41.J41 a 4IJIy

(RESL) analyzed sediment from the same interval and did not detect positive

values. To reconfirm these results, hole TW1 was drilled within 15 ft of
or 238, 239,2400u, andthe location of D02. Positive detections ru,

241Am were made in sediments of the 110-ft interbed of hole TW1; however,

no positive results were detected in the 240-ft interbed of TW1. A

confirmation of the positive results from the koslea TW1
1.1.4 Its 1114C7UCU VI “Wic Ina

was made by RESL (Table 21).

• C 1 1
J.V.4.‘ Lysimeter Water Sample nuavy_acm.. incurc JGUIIIIGHV TVIA1

samples were collected from porous cup lysimeters installed in holes

drilled during the FY-1985 and FY-1986 seasons. These water samples were

analyzed for the same radionuclide parameters as were the sediment samples

(see Section 5.6.3.1). One of the suction lysimeter samples, from L08 in

hole W23, had positive 241Am and/or 238Pu concentrations at the three
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TABLE 21. RESULTS OF ANALYSES CONDUCTED BY EG&G AND BY RESL: SEDIMENT SAMPLES FROM THE 110-ft INTERBED IN
BOREHOLE TW1

Sample

EGG RESL

Depth
ift-in.)

238
Pu

(pCi/g)

239,240
Pu

.. (uCl/g)

241
Am

(pCi/o)

238
Pu

__ 1PC1/01

239,240
Pu

(pCi/g1

241
Am

(pCi/o/

0-438 101-0 1.7 t 0.2 E-08* 7.4 ± D.4 E-07* 4.4 ± 0.2 E-07* No split available

0-438 (lab subspllt) 101-0 1.18 ± 0.17 (-07* 6.1 ± 0.3 (-07* 4.7 ± 0.2 E-07* No split available

D-434 101-2 4.6 1 1.4 E-09* 1.97 ± 0.13 (-07* 1.3 ± 0.08 E-08* 10 ± 3 E-09* 1.78 ± 0.13 E-07* 8.47 ± 0.95 E-08*

D-43A (lab subsplit) 101-2 6.3 ± 1.7 E-09* 1.90 ± 0.13 E-07* 1.06 ± 0.09 E-07* N.D. 1.68 ± 0.09 E-07* 9.08 ± ,075 E-07*
1...-.
-P.
-P. D-43A (lab subsplit) 101-2 6.5 ± 1.6 E-09* 2.00 ± 0.13 E-07* 1.37 ± 0.11 E-07* 3.9 ± 1.3 E-09 1.7 I 0.09 E-07* 1.07 ± 0.09 (-07*

* Sample result positive (i.e., greater than three sigma).



sigma level (99% certainty). This lysimeter is located approximately 12 ft

below land surface. Refer to Table 22 for a listing of radionuclide

Y.oncentrations.

5.6.3.3 Conclusion. The migration of radionuclides has occurred at

the RWMC. Mobilization of radionuclide ions has taken place in the shallow

subsurface of the surficial cover. Most of the positive detections are

presumably associated with the downward movement of radionuclides from the

surface soil. The deep migration of radionuclides has followed a %.1Uri4IWIMIU

path from the buried waste through the highly fractured basalt into the

110-ft interbed and possibly the 240-ft interbed. Results of analyses of
X-- LL.. nAn_r&  1
IVUM i.IIC C.44.1-11. 1[11,1-1.OVU WCT-C IFILUULIU>IVC.
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TABLE 22. RWMC LYSIMETER WATER SAMPLE ANALYSIS RESULTS

Borehole
Lysimeter
Number Date

Depth
ift-in.)

239,240

liCi/m1

238
 

238
Pu and/or 

241
Am

pCi/m1 

PAUL 115 06/13/86 14-4 7± 5 E-11 6± 5 E-11

W04 LO5 06/13/86 6-2 2± 3 E-11 2± 3 E-11

W25 128 05/01/87 15-6 1 ± 4 E-11 2 ± 3 E-11

W06 L27 05/01/85 11-9 1 ± 3 E-11 1 ± 3 E-11

PA02 L16 06/13/06 8-8 2 ± 3 E-11 1.3 0.6 E-10

0—.

PA01 L15 04/30/87 14-4 8± 7 E-11 5± 7 E-11
4b.cr. W23 109 06/13/86 7-8 2± 4 E-11 5± 7 E-11

W04 L04 08/26/86 + 09/04/86** 15-5 5 ± 4 E-11 7 ± 6 E-11

TH4 118 06/13/86 4-0 4 ± 7 E-11 1.3 ± 1.3 E-10

W23 LOB 05/01/87 11-1 6 ± 6 E-11 5.3 ± 1.3 E-10*

W05 125 04/30/87 10-0 4 ± 7 E-11 1.6 ± 1.2 E-10

W02 101 04/30/87 14-0 2± 3 E-11 7+ 5 E-11

*Positive sample result (greater than 3 times sigma),

**L04, W04 is a composite sample from two days sampling.



6. CONCLUSIONS

The Subsurface Investigations Program  at the RWMC made progress in

FY-1987 toward obtaining its two program objectives: a field calibration

of a model to predict long-term radionuclide migration and measurement of

the actual migration to date.

Three deep boreholes were drilled at the RWMC to collect sample

material for evaluation of radionuclide content in the interbeds, to

determine geologic and hydrologic characteristics of the sediments, and to

provide as monitoring sites for moisture movement in these sediments.

Strict contamination controls were followed during drilling and sampling to
ensure core samples were not cross-contaminated.

A health physics survey was conducted daily to guard against

cross-contamination between surficial background radioactivity and

sedimentary samples from the interbeds. Positive smear values were

detected from the drilling of boreholes TW1 and D15. However, there is no

association between these smears and sampling of the interbeds; the

positive detections were presumably a result of contact with dust from

surficial sediment.

Two deep boreholes were instrumented with heat dissipation sensors and

suction lysimeters. Instrument readings were taken from 23 shallow auger
holes, two neutron access tubes, and three deep boreholes on a monthly
basis. A database was set up to store the large volume of data collected'
since June 1985 for this program. Data were input and stored on an IBM-AT

using the DBASE III software package.

Core samples from the weighing lysimeters were analyzed for particle
size distribution and with x-ray diffraction. Reading from the sensors in
the weighing lysimeters were discontinued. Weight data will be recorded.

The meteorological station at the Test Trench was modified to provide
additional data to determine evapotranspiration rates at the RWMC.
Thermocouple psychrometers were calibrated for sensor rotation and
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calibration verification. Preparations were instigated for the

installation of a simulated waste trench. Soil cores from test trench

auger holes were analyzed for particle size distribution, mineralogy and

soil moisture characteristic curve.

Twenty-four soil water samples were collected from suction lysimeters

and analyzed for major ion chemistry.

Organic chemicals were detected in water samples collected from USGS

aquifer monitoring wells surrounding the RWMC and from air samples

collected from boreholes drilled within the SDA. Concentrations of carbon

tetrachloride, chloroform, 1,1,1-trichloroethane, and trichloroethylene

were found above detection limits in several RWMC water wells. One sample

exceeded proposed EPA maximum concentration levels of 5 pg/L. for drinking

water. Carbon tetrachloride in the air of one of the boreholes exceeded

the EPA recommended time weighted average (TWA) value of 30 mg/m
3
.

Drilling and instrumenting of boreholes for this program was discontinued

so that procedures could be revised to deal with these organic substances.

Sampling of ambient air, air in boreholes, and soil gases was

conducted at the RWMC to determine the identity, location, and relative

concentration of selected chlorinated and aromatic VOCs. These sampling

efforts indicated that carbon tetrachloride, 1,1,1-trichloroethane,

trichloroethylene, and tetrachloroethylene are migrating from a number of

the pits. The major sources of organics are Pits 4, 5, 6, 9, and 10.

Measurable concentrations of VOCs occur in soil gases at distances from

2000 to 3400 ft from the SDA boundary. Analyses of gases collected at

various depths from holes north and east of the SDA indicate maximum gas

concentrations around 100 ft, and measurable concentrations to 570 ft.

Data collected for the Net Downward Flux portion of the study were

graphed and examined for trends. The lowest matric potentials generally

occur in areas where water collects at land surface during portions of the

year. These areas include drainage and flood control ditches, small
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depressions where runoff or snow melt accumulates, and areas flooded in the

past. Data collected outside the SDA indicates larger metric potentials

(relatively dryer) than within the SDA.

Metric potentials decrease (approach saturation) with increasing depth
of the shallow auger holes. Several of the holes exceed field capacity

(values less than 0.1 - 0.2 bars tension), indicating the potential for
gravity drainage.

Neutron data indicates the active zone of moisture in the sediments

extends to a depth of 6 to 7 ft below land surface. Moisture above this

depth is affected by edSUNcli cycles of precipitation and evaporation,

whereas moisture beneath this depth moves downward, predominately by the

force of gravity. Hydraulic gradients calculated from instrumentation

indicate downward moisture movement during much of the year for several of

the instrumented holes.

The Computer Model Development focused on a detailed review of

previous vadose zone modeling studies at INEL, acquisition and installation
of a suite of computer models for unsaturated flow and contaminant

transport, and preliminary applications of computer models using site

specific data.

Examination of past modeling efforts indicates the need for an

adequate data base and field calibrated models to obtain reliable

predictions. Thirteen models and codes were installed on the CRAY

computer; the models are being refined and will be used to evaluate

radionuclide and chemical transport in the RWMC subsurface environment.

A vapor release model was used to simulate the vapor plume history
from 1966 to 1987. The preliminary computer simulation indicated that
about 80 percent of the original inventory of organics was released to the
sediment from th6 pit in the vapor phase, of which about 90 percent has
escaped to the atmosphere, and that this organic vapor plume extends to the
water table of the Snake River Plain Aquifer.
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A total of 142 soil samples from shallow auger holes drilled during

FY-1985 and FY-1986 were subjected to radiochemical analyses. These

samples were augered from the surficial cover of the RWMC. Results of

these analyses indicate that most migration is occurring near land surface

and may be related to downward migration of radionuclides from weathering

of the sediment at land surface. Positive values detected from sediments

deeper in the surficial cover (to 21 ft) indicate migration of

radionuclides from buried waste.

Twelve sediment-water samples were collected from suction lysimeters

installed in auger holes drilled during shallow drilling in FY-1986 and

FY-1986. A positive value was detected in one of these lysimeter water

samples.

Deep drilling during FY-1986 and FY-1987 produced 27 samples for

radiochemical analysis. Positive plutonium concentrations at three times

the standard deviation (99% certainty) were detected at the 110-ft

interbed. Positive plutonium values at the 240-ft interbed could not be

confirmed.

The body of subsurface data available to date provides good evidence

that radionuclides have migrated from the buried waste downward to the

110-ft sedimentary interbed and some evidence that migration has occurred

to the 240-ft sedimentary interbed. The amount of water available as the

transporting agent has been reduced by improvements made to the surface

drainage system at the RWMC. Volatile organic compounds from the buried

waste have migrated through the unsaturated zone primarily as vapors but

also as liquids. These compounds have been detected at low concentration

in water from the Snake River Plain Aquifer.
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APPENDIX A

GEOLOGIC DESCRIPTION OF DEEP DRILLING SAMPLES

The deep drill holes were drilled using several different sampling

methodologies to optimize sample recovery in the various geologic

materials. Basalt was drilled with either a tricone bit or a wire line

coring tool. Sample descriptions are more complete from the cored

intervals than those drilled with a tricone bit because the intervals

drilled with a tricone bit have very small samples obtained i rum a cyclone

separator.

The interbeds were sampled using a HXB wire line drilling system or-

Shelby tube samplers. The descriptions are for the sediment samples

contained in the shoe of the sampler for the specified depths. The depth

relative to land surface, texture, sorting, color, and roots were

determined in the field with some textural classifications supplemented by

LaMotte test results. Texture refers to the relative proportions of sand,

silt, and clay in the sample, In a sample with a name such as sandy silt,

the sample is predominantly silt with a lesser amount of sand. If the

LaMotte test was used, a parenthesis will follow the textural name with the

percentage of sand, silt, and clay in that order. Munseli soil color

charts were used to determine color.



TABLE A-1. DRILL HOLE 1W-1

Depth
(ft-in.)

Sample
Number

Sample
Recovery
(%) Tool Sample Description

0-0 to 16-6 -- NA Auger

16-9 to 21-9 0-38 100% HXB wireline core Dense, basalt, gray (2.5Y 6/0) fractured,
fractures filled w/sediment, few vesicles

21-9 to 26-0 Tricone bit Basalt, hard

26-0 to 30-0 Tricone bit Rubble zone, sandy silt, light yellowish brown
(10YR 5/3) and reddish basalt

30-0 to 45-0 Tricone bit Basalt, gray

45-0 to 50-0 NA Tricone bit Basalt, purple, possible rubble zone lost
circulation

50-0 to 55-0 NA Tricone bit No sample, presumably basalt

55-0 to 60-0 -- NA Tricone bit No sample, presumably basalt

60-0 to 65-0 NA Tricone bit No sample, presumably basalt

65-0 to 70-0 -- NA Tricone bit Basalt, gray

70-0 to 71-0 NA Tricone bit No sample, presumably basalt

71-0 to 73-0 NA Tricone bit No sample, penetration rate increased, softer
material

73-0 to 76-0 NA Tricone bit No sample, presumably basalt

76-0 to 87-9 -- NA Tricone bit No sample, poor circulation, void 76-0 to 76-6

87-9 to 91-9 D-39 81 HXB wirelne core Basalt, dense, small vesicles, fractured,
fractures filled w/silt, gray (10YR 5/1)

91-9 to 95-8 D-40 100 HXB wireline core Basalt, dense, fractured, fractures filled
w/silt, gray (10YR 5/1). Bottom 1 inch of
core is rubble with silt and sand.

95-8 to 98-2 0-41 100 HXB wireline core Basalt, dense, gray (10YR 5/1)

98-2 to 101-2 0-42 100 HXB wireline core Basalt, dark gray (2.5YR 3/0) Bottom 2 inches
clay, brown (10YR 5/4), wet

101-2 to 101-7 0-43 100 Shelby tube Sandy silt, poorly sorted, red (2,5YR 5/8), dry

101-7 to 101-9 D-44 100 Shelby tube Sandy silt, well sorted, weak red (10R 4/4),
slightly moist, no reaction with HC1



TABLE A-1. (continued)

Depth Sample
ift-in.) Number

Sample
Recovery
(%) Tool

101-9 to 103-5 D-45 25 HXB wireline core

103-5 to 108-0 Tricone bit (7-5/8 in.)

108-0 to 112-0 Tricone bit (5-7/8 in.)

112-0 to 123-0 Tricone bit (5-7/8 in.)

123-0 to 128-0 Tricone bit (5-7/8 in.)

128-0 to 133-0 Triccne bit (5-7/8 in.)

133-0 to 138-0 Triccne bit (5-7/8 in.)

138-0 to 143-0 Tricone bit (5-7/8 in.)

143-0 to 168-0 Tricone bit (5-7/8 in.)

168-0 to 170-0 Tricone bit (5-7/8 in.)

170-0 to 173-0 Tricone bit (5-•7/8 in.)

173-0 to 178-0 Tricone bit (5-7/8 in.)

178-0 to 183-0 Tricone bit (5-•7/B in.)

183-0 to 194-0 ..11111 Tricone bit (5-7/8 in.)

194-0 to-218-1I Tricone bit (5-•7/8 in.)

218-11 to 223-11 0-46 100 HXB wireline core

223-11 to 225-11 0-47 46 HXB wireline core

225-11 to 227-7 0-48 100 HXB wireline core

Sample Description

Silty sand, very fine to coarse grained,
poorly sorted, well rounded to angular.
Quartz grains are mostly frosted, no reaction
with HCI

No sample

Basalt, gray

Basalt, gray

Basalt, gray (2 5YR 5/0)

Basalt, gray to weak red (2.5YR 5/2)

Basalt, gray to reddish gray (10R 5/1)

Basalt, gray-reddish gray (10R 5/1)

Basalt, gray-reddish gray (10R 5/1)

Basalt, gray (7.5YR 4/0)

Basalt, gray (10R 5/1) penetration rate
increased

No Sample

Basalt, gray (10YR 5/1)

Basalt, gray (2.5Y 5/0)

No sample, poor circulation

Basalt, dense, some vesicles 1 mil, fractured
near top, no sediment fill in fractures, gray
(2.5Y 5/0)

Basalt, gray, to 225°-9°, 225-9 to 225-9 1/2
is clay, well sorted, light gray (10YR 7/2)
moist, 225-9 1/2 to 225-11 is clayey silt,
well sorted red (10YR 5/8) no reaction with
NCI, clay at top or interbed appears to be
transported from above interbed

Clayey silt, well sorted, red (10R 5/8),
strong HCI reaction



TABLE A-1. (continued)

Depth Sample
Sample
Recovery

(ft-in. Number (%) Tool
227-7 to 228-5 -- 0 HXD wireline core

228-5 to 229-6 D-49 100 Shelby tube

229-6 to 229-10 0 Shelby tube

229-10 to 230-0 D-50 100 Shelby tube

230-0 to 231-1 D-51 92 Shelby tube

231-1 to 231-3 •••••• Tricone bit (5-7/8 in.)

231-3 to 232-0 PP AP Tricone bit (5-7/8 in.)

232-0 to 233-3 41. Tricone bit (5-7/8 In.)

233-0 to 233-7 0-52 & 100 Shelby tube
0-53

233-7 to 234-6 *IN Tricone bit (5-7/8 in.)

234-6 to 235-6 Tricone bit (5-7/8 in.)

235-6 to 236-6 Tricone bit (5-7/8 in.)

236-6 to 237-6 Tricone bit (5-7/8 in.)

  Sample Description 
No sample received

Silt, well sorted, reddish yellow (5YR 7/6)
slightly moist, strong HCI reaction

Lost, Shelby tube, no sample

Si It, well sorted, yellowish red
strong HCI reaction, moist

(5YR 5/6)

Silt, well sorted, yellowish red (5YR 5/6)
moist, strong HCI reaction

Silty clay, (00, 38, 62) well sorted, some
sand, (5YR 4/6) strong MCI reaction

Sandy silt, yellowish brown (5YR 4/6) slightly
moist, strong HCI reaction

Sand, (82, 11, 07), reddish brown (5YR 4/4),
poorly sorted, medium to coarse grained,
subangular, quartz feldspar and basalt
fragments. Miild MCI reaction.

Sandy silt, (30, 35, 35), poorly sorted, red
(2.5YR 4/6)moist, strong HCI reaction

Silty sand, (81, 08, 11), poorly sorted, very
fine to coarse grained, yellowish red (5YR
4/6) strong HCI reaction, slightly moist,
quartz, feldspar and basalt fragments.

Silty sand, (81, 08, 11), poorly sorted, very
fine to coarse grained, dark reddish brown
(5YR 3/4), slightly moist, strong HCI
reaction, quartz, feldspar and basalt fragments

Sand, (80, 07, 13), poorly sorted, very fine
to coarse grained. Dark reddish brown (5YR
3/I4, Mild He reaction, quartz, feldspar and
basalt fragments (70% basalt) slightly moist.

Sand, (67, 03, 30), poorly sorted, very fine
to coarse grained. Dark reddish brown (5YR
3/41, mild HCI reaction, quartz, feldspar and
basalt fragments, slightly moist.



TABLE A-2. DRILL HOLE 015

Depth
(ft-in.)

Sample
Number

Sample
Recovery

Tool Sample Description

0-0 to 1-6 Auger Silt, (08, 64, 28), well sorted, pale brown
(10YR 6/3) slight 11C1 reaction

1-6 to 1-9 100 HXB wireline core Vesicular basalt, fractured, gray (7.5YR 5/0),
fractures have sediment in filling. Vesicles
are 2-5 mm in diameter

1-9 to 6-9

6-9 to 8-0

8-0 to 17-8

17-8 to 20-0

20-0 to 25-0

25-0 to 28-0

28-0 to 30-0

30-0 to 31-11

31-11 to 34-9

34-9 to 39-9

39-9 to 41-0

41-0 to 44-0

44-0 to 44-9

44-9 to 46-9

Tricone bit (7-7/8 in.)

••• Tricone bit (7-7/8 in.)

Tricone bit (7-7/8 in.)

Tricone bit (7-7/8 in.)

Tricone bit (7-7/8 in.)

Tricone bit (7-7/8 in.)

Tricone bit (7-7/8 in.)

50 HXB wireline core Vesicular basalt, gray (7.5YR 6/0) vesicles are
2-10 mm in diameter w/white mineralization in
same

Basalt

Basalt

Basalt, gray (10YR 6/11)

Basalt, gray (10YR 5/1), some sediment

Basalt

Basalt, gray (10YR 6/1)

Basalt, increase drilling rate from
30 ft 10 in. to 31 ft 4 in.. Possible interbed

D-54 18 HXB wireline core Sandy silt, (47, 53, 00), dark red (2.5YR 4/8),
no ICI reaction

D-55 100 HXB wireline core Sandy silt, dark red (2.5YR 4/8) no Hci
Reaction. Basalt, dark gray (10YR 5/1) dense
with small vesicles begins at 35 ft 3 in.
Interbed 30-10 to 35-3

Tricone bit 7-5/8 in. Basalt

Tricone bit 7-5/8 in. Basalt

Tricone bit 7-5/8 in. Sandy silt, poorly sorted, some roots, red
(2.5YR 5/6) no HCI reaction, dry

D-56 75 HXB wireline core Basalt, vesicular, fractured, top 3 inches
ash-like, gray (10YR 5/1), fractures filled
with silt, pale brown (10YR 7/3) strong HC1
reaction



TABLE A-2. (continued)

Depth
(ft-in.)

Sample
'Number

Sample
Recovery
(X) Tool Sample Description

46-9 to 50-0 Tricone bit (7-5/8 in.) Basalt, gray to reddish brown.

50-0 to 55-0 Tricone bit (7-5/8 In.) Basalt, gray (2.5YR 5/0)

55-0 to 60-0 Tricone bit (7-5/8 in,) Basalt, gray (2.5YR 5/0)

60-0 to 68-0 Tricone bit (7-5/8 in.) Basalt, fractured, gray (2.5YR 5/0)

68-0 to 75-0 •••• Tricone bit (7-5/8 in.) Basalt, fractured, red-gray, fractures filled
with caliche

75-0 to 80-0 Tricone bit (7-5/8 in.) Basalt, gray (2.5Y 5/0), slightly fractured,
fracture filling material is light brownish
gray (10YR 6/2), no NCI reaction

80-0 to 88-0 -- Tricone bit (7-5/8 in.) Basalt, fractured, gray (2.5Y 5/0) fractures
filled with sediment/callche, very pale brown
(10YR 7/3)

88-0 to 89-10 D-57 100 HXB wireline core Basalt, dense, horizonta0 fractures, fractures
filled with caliche

89-10 to 90-0 100 HXB wireline core Basalt, very dense

90-0 to 94-4 0-58 96 HXB wireline core Basalt, vesicular, fractured, gray, large
16 inches long vertical fracture with some
sediment infilling

94-4 to 96-9 D-59 31 HMI wireline core Basalt, very vesicular, fractured, dark gray,
fractures filled with wet: yellow-brown
sediment. Bottom 4 inches was interbed,
silty, clayey sand, (57, 23, 20) brown (7.5YR
5/6) slight HC1 reaction, very wet

96-9 to 97-10 -.. 0 HXB wireline core No sample

97-10 to 98-8 D-60 69 Shelby tube Gravel, poorly sorted, brown (10YR 5/3),
gravel pieces up to 2.5 cm x 1.5 cm. Moist

98-8 to 99-3 D-61 71 Shelby tube Gravel, poorly sorted, reddish brown, moist

99-3 to 99-5 D-62 400 Shelby tube, Sandy gravel, light red, moist



TABLE A-2. (continued)

Depth
(ft-in.)

Sample
Number

Sample
Recovery
1%) Tool Sample Description

99-5

106-0

106-6

107-6

108-7

110-0

112-2

112-6

113-4

117-4

123-9

129-6

133-0

139-10

145-0

170-0

190-0

200-0

210-0

to 106-0

to 106-6

to 107-6

to 108-7

to 111-0

to 112-2

to 112-6

to 113-4

to 117-4

to 123-9

to 129-6

to 133-0

to 139-10

to 145-0

to 170-0

to 190-0

to 200-0

to 210-0

to 215-0

0-65

D-66

D-67

0-68

D-69

D-70

D-71

83

23

62

71

100

100

100

Tricone bit (7-7/8

Tricone bit (7-7/8

HXB wireline core

HXB wireline core

HXB wireline core

HXB wireline core

HXB wireline core

HXB wireline core

HXB wireline core

Tricone bit (7-7/8

Tricone bit (7-7/8

Tricone bit (7-7/8

Tricone bit (7-7/8

Tricone bit (7-7/8

Tricone bit (7-7/8

Tricone bit (7-7/8

Tricone bit (7-7/8

Tricone bit (7-7/8

Tricone bit (7-7/8

in.)

in.)

in.)

in.)

in.)

in.)

in.)

in.)

In.)

in.)

in.)

in.)

Sandy gravel, coarse, brown (10YR 5/3)

Clayey silt, poorly sorted, brown (10YR 5/3),
moist, no HC1 reaction

Gravel and clay. 3 inch gravel followed by
clay. Clay is brown (10YR 5/2), moist

Clay, well sorted, dark grayish brown (10YR
4/2), moist, no HCI reaction

Clay, well sorted, brown (10YR 5/3), moist,
strong NCI reaction

Clay, brown (10YR 4/3) moist, strong HCI
reaction. Bottom 3 inches basalt

Silty clay, well sorted grayish brown (10YR
5/2), moist, strong HCI reaction bottom
2 inches basalt, vesicular. gray (10YR 5/1)

Basalt, vesicular, gray (2.5YR 5/2), vesicles
are approximately 3 mm with sediment infilling

Basalt, vesicular, fractured, gray (2.5Y 5/0),
some sediment in fractures

Basalt

Basalt

Cinders, red

Basalt, red (10R 4/2), some obsidian

Basalt, some olivine

Basalt with cinder zones

Basalt, gray

No sample return

No sample return, void 204-205

Basalt. dense



TABLE A-2. (continued)

Depth
(ft-in.I

Sample
Number

Sample
Recovery
(%) Tool Sample Description

215-0 to 217-2 Tricone bit (7-7/8 in.) Basalt, dense, drilling rate increased near
bottom

217-2 to 220-0 D-72 100 IFIXB wireline core Basalt, fractured, vesicular, dark gray (10YR
4/1), vesicles 1-2 mm in diameter. Fractures
filled with gray-green brown sediment.

220-2 to 222-5 D-73 28 HXB wireline core Basalt, dense, vesicular (top 1-3) basalt,
fractured, fractures filled with sand and clay
that is brown (10YR 5/3) and poorly sorted.
This zone is 7 inches thick. Bottom 2 inches
is fine silty sand, poorly sorted, reddish
yellow (5YR 6/8), moist. Interbed at 221°-10°

222-5 to 224-5 D-74 71 HXB wireline core Clay and silt, well sorted, red (2.5YR 4/6) No
HCI reaction, slightly moist

224-5 to 226-8 0-75 59 HXB wireline core Clay, silty clay, well sorted red (2.5YR 4/4)
to brown. No HC1 reaction, moist

226-8 to 279-5 D-76 3 HXB wireline core Clay, well sorted, red (2.5YR 4/6) strong HCI
reaction, dry

229-5 to 233-5 0-77 67 HXB wireline core Clay grading to silt, well sorted dark
yellowish brown (10YR 4/4) strong HC1
reaction, moist

233-5 to 237-4 D-78 100 HXB wireline core Clay grading to silt, well sorted, Brown
(10YR 5/3), strong HCI reaction, moist

237-4 to 239-4 0-79 100 HXB wireline core Clay grading to silt. Clay, brown (10YR 4/3)
grading to silt, thinly laminated with very
fine sand. Yellowish brown (10YR 5/4) reacts
with HCI. slightly moist

239-4 to 243-6 0-80 100 HMI wireline core Basalt, vesicular with a fine white (10YR 8/2)
lining in vesicles, grading to vesicular
basalt, followed by a 2 inch sand layer,
gray-brown (10YR 4/2) with basalt pebbles,
Bottom 3 ft 10 in. is vesicular basalt with
horizontal fractures up to 1 mm wide.
Fractures are sediment filled. Vesicles are
2-3 cm in diameter. Basalt is dark gray
(7.5YR 4/2)



TABLE A-3. DRILL HOLE D10

Depth
Eft-in.I

Sample
Number

D-81

D-82

D-83

0-84

D-85

D-86

0-87

D-88

0-89

D-90

Sample
Recovery
(V Tool Sample Description

0 to 8-6

8-6 to 11-4

11-4 to 12-0

12-0 to 13-6

13-6 to 17-5

17-5 to 22-4

22-4 to 24-8

24-8 to 29-8

29-8 to 31-6

31-6 1/2 to 34-8

34-8 to 36-0

36-0 to 38-10

1/2

3/4

65

50

89

100

100

100

98

100

62

88

Auger

HXB wireline core

HXB wireline core

HX13 wireline core

HXB wireline core

HXB wireline core

HXB wireline core

HXB wireline core

HXB wireline core

HXB wireline core

HXB wireline core

HXB wireline core

No sample

Dark gray basalt, small to moderate size
vesicles, fractured, soil in fractures

Dark gray basalt, small to moderate size
vesicles, fractures

Dark gray basalt, moderate to large size
vesicles, dense

Dark gray basalt, small to moderate size
vesicles, fractures

Dark gray basalt, dense, few fractures, very
small to small vesicles

Dark gray basalt, very dense, very few
fractures very small vesicles

Dark gray basalt, very dense, very few
fractures, very small vesicles

Light to medium gray basalt, very dense, very
few fractures, very small vesicles

Medium to fine sand, bright reddish orange,
Munsell color is red, no reaction to HC 1„
from 34-0 to 34-8 is a reddish brown clayey
sift and clayey very fine sand, dry, no
reaction with HCI

Clayey silt and clayey very fine sand reddish
brown color, very moist to wet, no reaction
With HCI

No sample recovery. Some of this interbed
sediment was sticking to outside of wire line
core: clayey silt and very fine clayey sand,
reddish brown, dry, no reaction with Het



TABLE A-3. (continued)

Depth Sample
(ft-in.] Number

Sample
Recovery
(%1 Tool Sample Description

38-10 3/4 to 41-7 1/2 0-91

_

94 HXB wireline core Dark gray basalt, dense, small to moderate size
vesicles, fractured. Toward bottom of core
interval is cinder zone and brecciated basalt

41-7 1/2 to 42-3/4 D-92 76 HXB wireline core Dark gray brecciated basalt and cinders, medium
size vesicles

42-3/4 to 44-4/5 D-93 100 HXB wireline core Dark gray basalt, fractures, orange brown
sediment in fractures, moderate to large vescies

44-4/5 to 49-4/5 D-94 92 HXB wireline core Dark gray basalt, medium to large vesicles,
large fractures with brown sediment filling
fractures

49-4/5 to 54-3 4/5 0-95 100 HXB wireline core 49 ft 4/5 in. to 51 ft 6 4/5 in.: dark gray
basalt, moderate to large vesicles, large
fractures

51 ft 6 4/5 in. to 54 ft 3 4/5 in.: dark gray
basalt, very dense, small to very small
vesicles, no fractures

54-3 4/5 to 59-3 4/5 D-96 98 MX8 wireline core 54 ft 3/45 in. to 56 ft 6 3/10 in.: dark gray
basalt, small vesicles, no fractures, dense

56 ft 6 3/10 in. to 58 ft, 4/5 in.: moderate to
dark gray basalt, medium to large vesicles,
fractures

58 ft 4/5 in. to 59 ft 3 4/5 In.: black cinders

59-3 4/5 to 62-11 D-97 97 HXB wireline core Moderate to dark gray basalt, moderately dense
to dense, medium to large vesicles, fractured

62-11 to 66-2 D-98 95 HXB wireline core 62 ft 11 in. to 65 ft 0 In.: moderate to dark
gray basalt, medium to large size vesicles,
fractures

65 ft 0 in. to 66 ft 2 in.: cinders, dark gray
to black

66-2 to 69-8 D-99 - 74 HXB wireline core Dark gray basalt, medium to large size
vesicles, dense, fractures, orange brown
sediment in fractures



TABLE A-3. (continued)

Depth
(ft-in.)

Sample
Number

Sample
Recovery
(%) Tool Sample Description

69-8 to 74-8 D-100 100 HXB wireline core 69 ft 8 in. to 73 ft 11 1/2 in.: dark gray
basalt, medium to large size vesicles, dense
fractures, orange brown sediment in fractures

73 ft 11 1/2 in. to 74 ft 8 in.; cinders, black

74-8 to 79-0 D-I01 100 HXB wireline core 74 ft 8 in. to 75 ft 6 in.: conders, red brown

75 ft 6 in. to 79 ft 0 in. dark gray basalt,
medium to large size vesicles, dense,
fractures, sediment in fractures

79-0 to 79-11 D-102 23 HXB wireline core Medium gray basalt, moderate to large size
vesicles

79-11 to 84-11 D-103 100 HXB wireline core Dark gray basalt, large to very large size
vesicles, dense, fractures, sediment in fractures

84-11 to 90-2 D-104 100 HXB wireline core Dark gray basalt, very small size vesicles to
no vesicles, very dense, few fractures,
fractures filled with clay

90-2 to 95-2 D-105 88 Hx8 wireline core 90 ft 2 in. to 92 ft 6 in.; moderate gray
basalt, very small vesicles, very dense, few
fractures

92 ft 6 in. to 95 ft 2 in.: dark gray basalt,
moderate to large size vesicles, fractured

The "110-ft" interbed was reached with this
core. Sediment was not recovered; however, the
bottom of the basalt core was covered with
reddish orange sediment



APPENDIX B

GEOLOGIC DESCRIPTION OF WEIGHING LYSIMETER AND
TEST TRENCH SAMPLES

B-1



TABLE B-I. PARTICLE SIZE ANALYSIS, EAST LYSIMETER SAMPLE
Depth--8.75-10.75 in

SIZE CLASS METHOD OF WEIGHT IN WEIGHT % IN CUMULATIVE
(mm) ANALYSIS CLASS * CLASS WEIGHT %

>4.75 DRY SIEVE 0,80 1.19 1.19
4.75-0.425 DRY SIEVE 1.33 1.99 3.18
0.425-0.074 DRY SIEVE 14.90 22.24 25.42
0.074-0,062 PIPET 7.75 33.17
0.061-0.031 PIPET 24.60 57.77
0.031-0.016 PIPET 17.90 75.67
0.016-0.008 PIPET FOR 7.46 83.13
0.008-0.004 PIPET <0.074 mm 3.72 86.85
0.004-0.002 PIPET TOTAL WT... 4.47 91.32
0.002-0.001 PIPET 49.96 1.49 92.81
0.001-0.0005 PIPET 3.73 96.54
<0.0005 PIPET 3.35 99.89

VITALS C r
ww. 

O
w 
n
w

nn On nn on
77.07

* ALL WEIGHTS IN GRAMS



TABLE B-2. PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1

Depth--1.0 ft

SIZE CLASS
(mm)

METHOD OF
ANALYSIS

>4.00
2.00-4.00
1.00-2.00
0.50-1.00
0.25-0.50
0.125-0.25
0.062-0.125
0.031-0.062
0.016-0.031
0.008-0.016
0.004-0.008
0,007-0,004
0.001-0.002
0.0005-0.001
<0.0005

DRY SIEVE
DRY SIEVE
DRY SIEVE
DRY SIEVE
DRY SIEVE
DRY SIEVE
DRY SIEVE
PIPET
PIPET
PIPET
PIPET
PIPET
PIPET
PIPET
PIPET

TOTALS

WEIGHT IN WEIGHT % IN CUMULATIVE

CLASS * CLASS WEIGHT ;

0.00
0.00
0.00
0.04
0.66
1.44
2.04

FOR
<0.062 mm

TOTAL WEIGHT-
18.07

0.00
0.00
0.00
0.18
2.97
6.47
9.17
28.15
12.99
6.50
10.83
2.17
4.33
2.17

14.08

0.00
0.00
0.00
0.18
3.15
9.62
18.79
46.94
59.93
66.43
77.26
79.43
83.76
85.92
100.00

22.25 100.00

TARTR R-1. PARTTCLP ST7P ANALYSTS, NEUTRON ACCESS HOLE-1

Depth--2.0 ft

SIZE CLASS METHOD OF WEIGHT IN WEIGHT % IN CUMULATIVE

(mm) ANALYSIS CLASS * CLASS WEIGHT %

>4.00 DRY SIEVE 0.00 0.00 0.00

2.00-4.00 DRY SIEVE 0.00 0.00 0.00

1.00-2.00 DRY QIPVP 0.01 0.13 0.13

0.50-1.00 DRY SIEVE 0.04 0.17 0.30

0.25-0.50 DRY SIEVE 1.10 4.69 4.99

0.125-0.25 DRY SIEVE 2.71 11.56 16.55

0.062-0.125 DRY SIEVE 3.23 13.78 30.33

0.031-0.062 PIPET 17.91 48.25'

0.016-0.031 PIPET 11.94 60.19

0.008-0.016 PIPET FOR 11.94 72.13

0.004-0.008 PIPET <0.062 mm 3.98 76.11

0.002-0.00h PIPET TnTAT WRTaHT... 5.97 82.09

0.001-0.002 PIPET 16.33 1.99 84.08

0.0005-0.001 PIPET 1.99 86.07

<0.0005 PIPET 13.93 100.00

TOTALS 23.44 100.00 100.00

* ALL WEIGHTS IN GRAMS



TABLE B-4. PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1
Depth--3.0 ft

SIZE CLASS METHOD OF WEIGHT IN WEIGHT % IN CUMULATIVE
(mm) ANALYSIS CLASS * CLASS WEIGHT %

>4.00 DRY SIEVE 0.00 0.00 0.00
2.00-4.00 DRY SIEVE 0.00 0.00 0.00
1.00-2.00 DRY SIEVE 0.01 0.03 0.03
0.50-1.00 DRY SIEVE 0.01 0.03 0.07
0.25-0.50 DRY SIEVE 1.42 4.93 5.00
0.125-0.25 DRY SIEVE 2.90 10.08 15.08
0.062-0.125 DRY SIEVE 3.46 12.02 27.10
0.031-0.062 PIPET 23.33 50.43
0.016-0.031 PIPET 15.55 65.98
0.008-0.016 PIPET FOR 7.78 73.76
0.004-0.008 PIPET <0.062 mm 5.83 79.59
0.002-0.004 PIPET TOTAL WEIGHT- 5.83 85.42
0.001-0.002 PIPET 20.98 1.94 87.36
0.0005-0.001 PIPET 0.00 87.36
<0.0005 PIPET 12.64 100.00

TOTALS 28.78 100.00 100.00

TABLE B-5, PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1
Depth--4.0 ft

SIZE CLASS METHOD OF WEIGHT IN WEIGHT % IN CUMULATIVE
(mm) ANALYSIS CLASS * CLASS WEIGHT %

>4.00 DRY SIEVE 0.00 0.00 0.00
2.00-4.00 DRY SIEVE 0.00 0.00 0.00
1.00-2.00 DRY SIEVE 0.00 0.00 0.00
0.50-1.00 DRY SIEVE 0.01 0.04 0.04
0.25-0.50 DRY SIEVE 0.32 1.13 1.16
0_125-0.25 DRY STEVE 1.83 645 761

0.062-0.125 DRY SIEVE 3.71 13.08 20.69
0.031-0.062 PIPET 29.61 50.30
0.016-0.031 PIPET 10.57 60.87
0.008-0.016 PIPET FOR 6.34 67.22
0.004-0.008 PIPET <0.062 mm 4.23 71.45
0.002-0.004 PIPET TOTAL WEIGHT- 4,23 75.68
0.001-0.002 PIPET 22.50 4.23 79.91
0.0005-0.001 PIPET 2.11 82.02

•c:n nonS PTPRT 17.0R 100 ,00

TOTALS 28.37 100.00 100.00

* ALL WEIGHTS IN GRAMS



TABLE B-6. PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1
Depth--5.0 ft

SIZE CLASS METHOD OF WEIGHT IN WEIGHT % IN
(mm) ANALYSIS CLASS * CLASS

CUMULATIVE
WEIGHT %

>4.00 DRY SIEVE 0.00 0.00 0.00

2.00-4.00 DRY SIEVE 0.00 0.00 0.00

1.00-9.00 nRy STFTR 0.08 0.29 0.29

0.50-1.00 DRY SIEVE 0.07 0.26 0.55

0.25-0.50 DRY SIEVE 2.23 8.17 8.72

0.125-0.25 DRY SIEVE 3.83 14.04 22.76

0.062-0.125 DRY SIEVE 2.48 9.09 31.85

0.031-0.062 PIPET 7.27 39.12

0.016-0.031 PIPET 9.09 48.21

0.008-0.016 PIPET FOR 9.09 57.30

0.004-0.008 PIPET <0.062 mm 9.09 66.38

0,nn9-0.nn4 PTPPT wrcHT- 5.45 71,83

0.001-0.002 PIPET 18.59 5.45 77.28

0.0005-0.001 PIPET -3.63 73.65

<0.0005 PIPET 26.35 100.00

TOTALS 27.28 100.00 100.00

TABLE B-7. PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1

SIZE CLASS
(mm)

n fw

METHOD OF
ANALYSIS

WEIGHT IN
CLASS *

WEIGHT % IN
CLASS

CUMULATIVE
WEIGHT %

>4.00 DRY SIEVE 0.00 0.00 0.00

2.00-4.00 DRY SIEVE 0.00 0.00 0.00

1.00-2.00 DRY SIEVE 0.00 0.00 0.00
M cm 1 MA nnv OTMTV

1.00.1 OlgoVJL. 0.02 0.08 n R

0.25-0.50 DRY SIEVE 2.93 12.15 12.23

0.125-0.25 DRY SIEVE 4.42 18.33 30.56

0.062-0.125 DRY SIEVE 2.30 9.54 40.09

0.031-0.062 PIPET 15.25 55.34,

0.016-0.031 PIPET 2.18 57.52

0.008-0.016 PIPET FOR 10.89 68.41

0.004-0.008 PIPET <0.062 mm 6.54 74.95

0.002-0.004 PIPET TOTAL WEIGHT- 4.36 79.30
11 Art 1 Ot 1.111•1

r
1117
irzs

11111019 11. Lc 4.36 83.66

0.0005-0.001 PIPET 0.00 83.66

<0.0005 PIPET 16.34 100.00

TOTALS 24.12 100.00 100.00

* ALL WEIGHTS IN GRAMS



TABLE 8-8. PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1
Depth--8.0 ft

SIZE CLASS
(mm)

METHOD OF
ANALYSIS

WEIGHT IN
CLASS *

WEIGHT % IN
CLASS

CUMULATIVE
WEIGHT %

AA 
nn1 
v 01.M.17M. A AA A AA

,C 1 01QVQ V. VV 0.00

2.00-4.00 DRY SIEVE 0.00 0.00 0.00
1.00-2.00 DRY SIEVE 0.00 0.00 0,00
0.50-1.00 DRY SIEVE 0.00 0.00 0.00
0.25-0.50 DRY SIEVE 0.82 3.61 3.61
0.125-0.25 DRY SIEVE 2.40 10.57 14.18
0.062-0.125 DRY SIEVE 2.23 9.82 24.00
0.031-0.062 PIPET 24.32 48.32
0.016-0.031 PIPET 8.11 56.43
0.008-0.016 PIPET FOR 0 11

U. 1 1 64.53
0.004-0.008 PIPET <0.062 mm 2.03 66.56
0.002-0.004 PIPET TOTAL WEIGHT- 6.08 72.64
0.001-0.002 PIPET 17.26 2.03 74.67
0.0005-0.001 PIPET 6.08 80.75

<0.0005 PIPET 19.25 100.00

TOTALS 22.71 100.00 100.00

TABLE 8-9. PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1
Depth--9.0 ft

SIZE CLASS METHOD OF WEIGHT IN WEIGHT % IN CUMULATIVE
(mm) ANALYSIS CLASS * CLASS WEIGHT %

>4.00 DRY SIEVE 0.00 0.00 0.00
.1 
.v
A
v
A 
-m. 
I. .nvun

c DRY n.r.r.vn
1./06.1 OtraVEs 0.00 0.00 0.00

1.00-2.00 DRY SIEVE 0.00 0.00 0.00
0.50-1.00 DRY SIEVE 0.04 0.17 0.17
0.25-0.50 DRY SIEVE 0.40 1.70 1.87
0.125-0.25 DRY SIEVE 1.58 6.70 8.56

0.062-0.125 DRY SIEVE 2.11 8.94 17.51
0.031-0.062 PIPET 22.00 39.51
0.016-0.031 PIPET 17.60 57.10
0.008-0.016 PIPET FOR 4.40 61.50
U^ 
.UV4 
Aril 

-V.VUO 
nnn

PIPET <0.062 mm 6.60 68.10
0.002-0.004 PIPET TOTAL WEIGHT.. 8.80 76.90
0.001-0.002 PIPET 19.46 2.20 79.10
0.0005-0.001 PIPET 6.60 85.70
<0.0005 PIPET 14.30 100.00

TOTALS 23.59 100.00 100.00

* ALL WEIGHTS IN GRAMS



TABLE B-10.

SIZE CLASS
(mm)

PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1
Depth--10.0 ft

METHOD OF WEIGHT IN WEIGHT % IN
ANALYSIS CLASS CLASS

CUMULATIVE
WEIGHT r

>4.00 DRY SIEVE 0.00 0.00 0.00
2.00-4.00 DRY SIEVE 0.00 0.00 0.00
1.00-2.00 DRY SIEVE 0.00 0.00 0.00
0.50-1.00 DRY SIEVE 0.00 0.00 0.00
0.25-0.50 DRY SIEVE 0.85 2.68 2.68
0.125-0.25 DRY SIEVE 2.90 9.15 11.83

0.062-0.125 DRY SIEVE 3.00 9.46 21.29
Aql n nrn

V.V.71-.V.VO4 PIPET 20.99 42.28
0.016-0.031 PIPET 8.40 50.68
0.008-0.016 PIPET FOR 12.59 63.27
0.004-0.008 PIPET <0.062 mm 2.10 65.37
0.002-0.004 PIPET TOTAL WEIGHT.. 8.40 73.76
0.001-0.002 PIPET 24.95 2.10 75.86
0.0005-0.001 PIPET 6.30 82.16
<0.0005 PIPET 17.84 100.00

TOTALS 31.70 100.00 100.00

* ALL WEIGHTS IN GRAMS



TABLE 8-11. SEDIMENT SAMPLE CHARACTERISTICS, NEUTRON ACCESS HOLE-1, 1.0 FT DEPTH

SIZE CLASS REACTION TO COLOR ROUNDNESS SPHERICITY MINERALOGY

(min) 10X HC1 m MOI Sif *KM

 -  - -   = 

BULK SAMPLE moderate 10YR 5/2, ned. yellow-brown 0.3. sub-angular 0.7 quartz 502
plagioclase 252

basalt fragments 202
calcite 32
chart ? 22

>1.00
2.00-1.00
1.00-2.00

ii*MRs NO FRACTIONS OF THESE SIZES NW*

0.50-1.00 moderate 10YR 7/2, pale orange-yellow brown 0.3, sub-angular

0.25-0.50 moderato 10YR 5/2, nod. yellow brawn

0.125-0.25 strong 10YR 6/2, pale yellow brown

0.9 quartz
plagioclase

basalt fragments
minor calcite

0.3, sub-angular 0.7 quartz
plagioclase

basalt fragments

0.3, sub-angular 0.7 quartz
plagioclase

basalt fragments
minor calcite

0.062-0.125 strong 10YR 7/2, pale orange-yellow brown 0.3, sub-angular 0.5 quartz
plagioclase

basalt fragments
minor calcite

<0.062 strong 10YR 7/2, pale orange-yellow brown 0.3, sub-angular 0.5 quartz.
plagioclase

basalt fragments

M FROM GEOLOGICAL SOCIETY OF AMERICA ROCK COLOR CHART
MK FROM KRUMBEIN & SLOSS. 1963. STRATIGRAPHY RHO SEDINENTATION, N.M. FREEMAN & CO., 5160 PP.
MOM APPROXIMATE 2 GIVEN FOR BULK SAMPLE, (MINERALOGY FOR INDIVIDUAL FRACTIONS LISTED IN DECREASING ABUNDANCE.



TABLE 8-12. SEDIMENT SAMPLE CHARACTERISTICS. NEUTRON ACCESS HOLE-1, 2.0 FT DEPTH

SIZE CLASS REACTION TO COLOR ROUNDNESS SPHERICITY MINERALOGY
cnn) 102 HCI ** if* *MN

BULK SAMPLE moderate 10YR 5/2, med. yellow-brown 0.5, sub-rounded O.? quartz 602
plagioclase 152

basalt fragments 20%
calcite 32
chart 22

>1.00
2.00-1.00 ***OE* NO FRACTIONS OF THESE SIZES *****

1.00-2.00 slight 10YR 3/2, dark greyish brown 0.5. sub-rounded O.? basalt fragments

0.50-1.00: moderate 10YR 6/2, pale yellow brown 0.5. sub-rounded O.? quartz
plagioclase

basalt fragments
minor calcite

0.25-0.50 moderate 10YR 5/2. med. yellow brown 0.5, sub-rounded 0.5 basalt fragments
quartz

plagioclase
calcite

0.125-0.25 moderato 10YR 5/2, med. yellow brown 0.5. sub-rounded 0.5 quartz
basalt fragments
plagioclase

ninon calcite

0.062-0.125 strong 10YR 5/2, ned. yellow brown

<0.062 strong 10YR 6/2. pale yellow brown

0.3, sub-angular 0.5 quartz
plagioclase

basalt fragments
minor calcite

0.3. sub-angular 0.5 quartz
plagioclase ?

basalt fragmants ?

FROM GEOLOGICAL SOCIETY OF AMERICA ROCK COLOR CHART
** FROM KRUABEIN 1 SLOSS, 1963, STRFITIGRAPHY AND SEDIMENTATION, M.N. FREEMAN & CO.. 660 PP.
ma* APPROXIMATE X GIVEN FOR BULK SAMPLE. MINERALOGY FOR INDIVIDUAL FRACTIONS LISTED IN DECREASING ABUNDANCE.



TABLE B-13. SEDIMENT SAMPLE CHARACTERISTICS. NEUTRON ACCESS HOLE-1. 3.0 Ft DEPTH

SIZE CLASS REACTION TO
(nm) 102 HC1

COLOR

BULK SAMPLE noderate 10YR 5/2. med. yellow-brown

>1.00
2.00-1.00

ROUNDNESS
Ha

0.5, sub-rounded

amMam KO FRACTIONS OF THESE SIZES Maalox

1.00-2.00 slight IOYR 2/2. dusky yellow brown

0.50-1.00 slight 10YR 2/2, dusky yellow brown

0.25-0.50 slight 10YR 5/2, ned. yellow brown

0.125-0.25 moderate 10YR 5/2, nod. yellow brown

0.062-0.125 moderato 10YR 6/2, pale yellow brown

0.7, rounded

0.3. sub-angular

SPHERICITY
am

MINERALOGY
amm

0.7 quartz 502

basalt fragnents 252
plagioclase 202

quartzite pebbles 12
calcite 12

0.9 quartzite pebbles

0.5 quartzite pebbles

basalt fragments

0.3. sub-angular 0.5 quartz
basalt fragnents

plagioclase

0.7. sub-rounded 0.7 quartz
plagioclase

basalt fragnents
calcite

0.7, sub-rounded 0.7 quartz
plagioclase

basalt fragments

<0.062 strong 10YR 7/2. pale orange-yellow brown 0.3, sub-angular

X*

0.5 quartz

minor basalt fragnents

FROM GEOLOGICAL SOCIETY OF AMERICA ROCK COLOR CHART

FROM KRUMBEIN I SLOSS. 1963. STRATIGRAPHY AND SEDIMENTATION. H.H. FREEMAN 11. CO.. 660 PP.

*ma APPROXIMATE X GIVEN FOR BULK SAMPLE, MINERALOGY FOR INDIVIDUAL FRACTIONS LISTED IN 
DECREASING ABUNDANCE.



TABLE 8-11. SEDIMENT SAMPLE CHARACTERISTICS. NEUTRON ACCESS MOLE-1, 1.0 FT DEPTH

SIZE CLASS REACTION TO
(nn) lOR HC1

COLOR
NE

BULK SAMPLE moderate 10YR 6/2, pale yellow--brown

>1.00
2.00-1.00
1.00-2.00

ROUNDNESS
KM

SPHERICITY
a*

MINERALOGY
*KM

0.3, sub-angular 0.5 quartz 607.
plagioclase 25Z

basalt fragments 117.
calcite 1Z

maxam NO FRACTIONS OF THESE SIZES MIEMMIE

0.50-1.00 slight 10YR 6/2, pale yellom-brown 0.5, sub-rounded 0.7 basalt fragnents
quartz

plagioclase

0.25-0.50 moderate 5YR 7/1, light yellow olive gray 0.3. sub-angular

0.125-0.25 moderate 10YR 5/2, med. yellow brown

0.5 quartz
plagioclase

basalt fragments
ninor calcite

0.3 sub-angular 0.7 quartz
plagioclase

basalt fragments
calcite

0_062-0.125 moderate 10YR 6/2. pale yellow brown 0.3. sub-angular 0.5 quartz
plagioclase

basalt fragments

<0.062 moderate 10YR 7/2, pale orange-yellow brown 0.3. sub-angular 0.5 quartz
plagioclase

basalt fragments

FROM GEOLOGICAL SOCIETY OF AMERICA ROCK COLOR CHART
FROM KRUMBEIN R SLOSS. 1963. STRATIGRAPHY AND SEDIMENTATION, N.H. FREEMAN 4 CO., 660 PP.
APPROXIMATE Z GIVEN FOR BULK SAMPLE, MINERALOGY FOR INDIVIDUAL FRACTIONS LISTED IN DECREASING ABUNDANCE.



TABLE B-15. SEDIMENT SAMPLE CHARACTERISTICS, NEUTRON ACCESS HOLE-1, 5.0 FT DEPTH

SIZE CLASS REACTION TO COLOR ROUNDNESS SPHERICITY MINERALOGY

Om) 10Z HC1 ** ** *am

BULK SAMPLE slight 10YR 5/2, ned. yellow-brown

>1.00
2.00-1.00

0.5, sub-angular

MO FRACTIONS OF THESE SIZES *****

1.00-2.00 slight IOYR 1/2. dark yellow brown

0.50-1.00 slight 10YR 5/2, med. yellow-brown

0.25-0.50 slight IOVR 512. ned. yellow brown

0.7, rounded

0.7. rounded

0.3, sub-angular

0.125-0.25 very slight 10YR 5/2, med. yellow brown 0.1, angular

0.062-0.125 slight 10YR 6/2, pale yellow brown

<0.062

0.7 quartz 70Z
basalt fragnents 20Z

plagioclase Bz
muscovite 2R

0.3, sub-angular

slight 10YR 712, pale orange-yellow brown 0.1. angular

0.7 basalt fragments

0.7 basalt fragments
quartzite ?

0.5 basalt fragments
quartz

plagioclase

0.7 quartz
plagioclase

basalt fragments

0.? quartz
plagioclase

basalt fragments
nuscovite

0.5 quartz
plagioclase

basalt fragments
muscovite

* FROM GEOLOGICAL SOCIETY OF AMERICA ROCK COLOR CHART

*5 FROM KRUMAEIN 4 SLOSS. 1963„ STRATIGRAPAY AND SEDIMENTATION, M.N. FREEMAN CO.. 660 PP.

**n APPROXIMATE z GIVEN FOR BULK SAMPLE. MINERALOGY FOR INOIVIDUAL FRACTIONS LISTED IN DECREASING ABUNDANCE.



TABLE 8-16. SEDIMENT SAMPLE CHARACTERISTICS. NEUTRON ACCESS HOLE-1, 6.0 FT DEPTH

SIZE CLASS REACTION TO COLOR ROUNDNESS SPHERICITY MINERALOGY
Cmm) 102 HC1 * ** ** *as

BULK SAMPLE slight 10YR 6/2, pale yellow-brown 0.3, sub-angular

>1.00
2.00-1.00

1.00-2.00

0.50-1.00

0.25-0.50

*a*** HO FRACTIONS OF THESE SIZES *****

0.5 quartz 652
plagioclase 302

basalt fragments 52

none- 10YR 6/2, pale yellow-brown 0.1, angular 0.7 quartz

plagioclase
minor basalt fragments

slight 10YR 6/2. pale yellow-brown 0.3, sub-angular

0.125-0.25 slight IOVR 5/2. med. yellow brown 0.3, sub-angular

0.062-0.125 slight 10YR 7/2, pale orange-yellow brown 0.3, sub-angular

<0.062 none 10YR 5/2, med. yellow brown 0.3, sub-angular

0.5 quartz
plagioclase

minor basalt fragnents

0.5 quartz
plagioclase

basalt fragments

0.5 quartz
plagioclase

basalt fragments

0.3 quartz
plagioclase ?

minor basalt fragments

* FROM GEOLOGICAL SOCIETY OF AMERICA ROCK COLOR CHART
** FROM KRUMBEIN 6 SLOSS. 1963. STRATIGRAPHY AND SEDIMENTATION, H.H. FREENRN 4 CO.. 660 PP.
11** APPROXIMATE 2 GIVEN FOR BULK SAMPLE, MINERALOGY FOR INDIVIDUAL FRACTIONS LISTED IN DECREASING ABUNDANCE.



TABLE B-1?. SEDIMENT SAMPLE CHARACTERISTICS, sEurRom ACCESS HOLE-1, 0.0 FT DEPTH

SIZE CLASS REACTION TO COLOR ROUNDNESS SPHERICITY MINERALOGY

(mm) 1.02 HC1 * iii* ** *A*

 = - - 

BULK SAMPLE none 10YR 6/2, pale yellow brown 0.3, sub-angular 0.5 quartz 703
plagioclase 15X

basalt fragments 14R
muscovite 1R

>4.00
2.00-1.00
1.00-2.00
0.50-1.00

NO FRACTIONS OF THESE SIZES *****

0.25-0.50 none 10YR 6/2, pale yellow brown 0.5, sub-rounded O.? quartz
plagioclase

basalt fraymants

0.125-0.25 none 10YR 6/2, pale yellow brown 0.3, sub-angular• 0.5 quartz
plagioclase

basalt fragMents

minor muscovite

0.062-0.125 none 10YR 6/2, pale yellow brown 0.3, sub-angular 0.5 quartz
plagioclase

basalt fragMents

minor muscovite

<0.062 none 10YR 7/2', pale orange-yellow brown 0.3, sub-angular 0.5 quartz
plagioclase

basalt fragments

N FROM GEOLOGICAL SOCIETY OF AMERICA ROCK COLOR CHART

NN FROM KRUM6EIN • SLOSS, 1963, STRATIGRAPHY AND SEDIMENTATION. N.H. FREEMAN $ 
CO.. 660 PP.

NM* APPROXIMATE g GIVEN FOR BULK SAMPLE. MINERALOGY FOR INDIVIDUAL FRACTIONS 
LISTED IN DECREASING ABUNDANCE.



TABLE B-10. SEDIMENT SAMPLE CHARACTERISTICS, NEUTRON ACCESS HOLE Hole-1, 9.0 FT DEPTH

SIZE CLASS REACTION TO
(rim) 102 HC1

COLOR

BULK SAMPLE slight 10Y1R 5/2. med. yellow brown

>1.00

2.00-1.00
1.00-2.00

ROUNDNESS SPHERICITY MINERALOGY
okiem

0.3, sub-angular 0.5 quartz 552
basalt fragments 152

mulix& NO FRACTIONS OF THESE SIZES Hm*m&

0.50-1.00 none 10YR 5/2. med. yellow brown

0.25-0.50 slight 10YR 6/2, pale yellow brown

0.125-0.25 slight 10YR 5/2, med. yellow brown

0.062-0.125 slight 10YR 6/2, pale yellow brown

<0.062

WO

4**

none 10YR 5/2, med. yellow brown

0.3. sub-angular 0.5 basalt fragments
quartz

0.3, sub-angular 0.5 basalt fragments
quartz

0.3, sub-angular 0.5 basalt fragments
quartz

0.3, sub-angular 0.5 quartz
basalt fragments

0.1. angular 0.3 quartz
minor basalt fragments

FROM GEOLOGICAL SOCIETY OF AMERICA ROCK COLOR CHART
FROM KRUIIBEIN All SLOSS, 1963. STRATIGRAPHY AND SEDIMENTATION. N.H. FREEMAN & CO.. 660 PP.
APPROXIMATE Y. GIVEN FOR GULP' SAMPLE, MINERALOGY FOR INDIVIDUAL FRACTIONS LISTED IN DECREASING ABUNDANCE.



TABLE B-19. SEDIMENT SAMPLE CHARACTERISTICS, NEUTRON ACCESS HOLE-1, 10.0 FT DEPTH

SIZE CLASS REACTION TO
101 HC1

SULK SAMPLE 'none

>4.00
2.00-4.00
1.00-2.00
0.50-1.00

COLOR ROUNONESS
**

SPHERICITY
14*

MINERALOGY

10YR 6/2, pale yellow brown 0.3, sub-angular 0.5 quartz 60Z
plagioclase 25Z

basalt fragments 11Z
nuscovite 1Z

***** NO FRACTIONS OF THESE SIZES *it***

0.25-0.50 none 10YR 612, pale yellow brown 0.5, sub-rounded O.7 basalt fragments
quartz

0.125-0.25 none 10YR 6/2, pale yellow brown

0.062-0.125 none

<0.062 none

0.7. rounded 0.7 quartz
plagioclase

basalt fragments

10YR 6/2, pale yellow brown 0.3. sub-angular 0.7 quartz
plagioclase

basalt fragments
minor muscovite

10YR 7/2, pale orange-yellow brown 0.3, sub-angular 0.5 quartz
plagioclase

minor basalt fragments

FROM GEOLOGICAL SOCIETY OF AMERICA ROCK COLOR CHART
FROM KRUMBIEIN & SLOSS, 1963. STRATIGRAPHY RHO SEDIMENTATION, H.HF. FREEMAN & CO., 660 PP.

APPROXIMATE Z GIVEN FOR BULK SAMPLE, MINERALOGY FOR INDIVIDUAL FRACTIONS LISTED IN DECREASING ABUNDANCE.



Sample
depth

TABLE 8-20.

Soil bulk
density

NEUTRON ACCESS HOLE-2, SOIL MOISTURE CHARACTERISTIC CURVE DATA

Volume X Volume percent moisture at selected tensions (bars)
natural

(feet) Cg/cc) moisture 0.3 0.5 0.7 1.0 5.0 10.0 15.0

2 1.51 28.36 26.80 26.31• 24.96 23.85 15.38 12.97 11.99
4 1.20 11.70 23.61 22.87 20.87 19.60 14.24 12.73 12.11
6 1.52 16.90 26.55 26.47 25.33 24.43 19.76. 18.04 17.55
8 1.63 19.60 28.15 28.40 27.91 27.54 24.51 23.00 22.50
10 1.64 22.18 29.99 30.11 29.50 29.05 26.2? 24.22 23.77
12 1.46 21.81 29.38 29.38 28.76 28.15 25.25 23.77 23.24
14 1.65 2:3.53 29.71 29.71 29.13 28.68 26.35 25.08 24.55

16 1.61 21.85 32.20 32.41 32.08 31.46 26.19 23.85 23.12

18 1.33 11.42 27.29 26.92 23.69 21.32 14.69 13.26 12.48

TABLE 8-21. NEUTRON ACCESS HOLE-2A. SOIL MOISTURE CHARACTERISTIC CURVE DATA

Sample
depth

Soil bulk
density

Volume X
natural

Volume percent moisture at selected tensions (bars)

(feet) (g/cc) moisture 0.3 0.5 0.7 1.0 5.0 10.0 15.0

2 1.59 25.01 29.62 28.89 26.68 25.33 16.69 14.32 13.09
4 1.31 12.44 26.35 23.81 21.07 19.97 15.26 14.24 13.05

6 1.76 18.78 32.90 32.16 31.10 29.87 24.67 23.00 21.44

10 1.71 22.71 33.76 33.35 32.65 32.20 28.56 26.92 26.-06

12 1.75 24.55 34.90 34.45 33.80 33.31 30.11 28.72 27.66

14 1.70 23.81 32.16 31.71 31.10 30.56 28.11 27.54 26.55

16 1.84 25.70 37.36 37.07 37.07 36.58 32.08 30.03 28.07



TABLE B-22. NEUTRON ACCESS HOLE-3A, SOIL MOISTURE CHARACTERISTIC CURVE DAM

Sample
depth

Soil bulk
density

Volume X
natural

Volume percent moisture at selected tensions (bars)

(Feet) (gicc) moisture 0.3 0.5 0.7 1.0 5.0 10.0 15.0

2
4
6

1.57
1.37
1.54

31.22
32.00
27.50

32.32
37.56
31.96

31.51
35.54
30.92

30.65
33.61
30.25

29.42
31.92
29.66

20.66
24.04
26.74

16.49
20.23
23.02

14.48
18.36
21.90

TABLE 8-23. NEUTRON ACCESS HOLE-6, SOIL MOISTURE CHARACTERISTIC CURVE DATA

Sample
depth

Soil bulk
density

Volume 2
natural

Volume percent moisture at selected tensions (bars)

(feet) Cy/cc) moisture 0.3 0.5 0.7 1.0 5.0 10.0 15.0

2 1.52 28.93 33.55 32.04 30.77 29.62 23.00 20.05 18.00
4 1.53 14.53 21.60 20.05 le.94 17.96 15.79 12.56 10.84
6 1.3a 19.19 26.39 24.96 23.81 22.75 19.03 17.14 15.558 1.28 12.15 22.55 22.26 20.29 19.27 15.55 14.24 13.05
18 1.53 27.91 41.08 40.51 39.53 38.46 30.81 27.58 25.08



Sample
depth

TABLE 8-24.

Soil bulk
density

NEUTRON ACCESS HOLE-9, SOIL MOISTURE CHARACTERISTIC CURVE ORM

Volume ;1 Volume percent moisture at selected tensions
natural

(bars)

(feet) (g/cc) moisture 0.3 0.5 0.7 1.0 5.0 10.0 15.0

1 1.25 12.79 25.68 23.49 21.97 20.27 14.63 12.75 10.80
2 1.82 12.10 28.58 21.66 22.71 20.56 16.22 13.03 11.33
3 1.61 15.1? 32.53 28.30 25.92 23.79 17.27 14.91 13.42
4 1.29 19.86 28.89 25.53 23.90 22.05 10.49 17.3:3 15.16
5 1.64 20.60 33.16 31.40 30.30 29.34 25.96 24.73 22.79
6 1.64 19.81 31.85 30.36 29.62 28.72 26.31 21.65 22.24
7 1.56 19.24 32.90 30.19 29.62 28.64 26.80 25.49 23.47
8 1.60 21.42 34.41 33.33 32.82 31.98 30.32 29.46 27.62
9 1.55 19.42 29.32 28.58 28.21 27.86 26.62 26.1:3 23.67
10 1.60 15.99 31.73 30.18 29.34 26.36 24.67 23.24 20.15
11 1.52 25.09 38.24 37.50 37.05 36.52 32.86 31.30 28.48
12 1.61 29.22 35.66 35.02 34.64 34.21 32.02 3 30.38 26.93
13 1.63 20.55 35.00 34.27 33.65 33.02 29.58 28.27 26.74
14 1.72 15.92 32.61 31.53 30.65 29.44 24.53 23.00 21.34
15 1.79 17.60 34.10 33.47 32.98 32.34 29.87 28.76 25.55
16 1.66 16.12 34.39 33.24 32.16 30.65 25.20 24.28 21.13
17 1.59 15.08 35.84 32.75 30.30 27.80 21.60 20.32 17.92
18 1.70 141.30 38.71 33.20 33.20 29.85 22.79 21.58 18.21
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APPENDIX C

RESULTS OF SOIL GAS SAMPLE ANALYSES

Figure C-1 is a map of the SDA showing the grid that was defined to

determine the sampling points for the soil gas survey. The locations of

the sampling points are also shown on Figure C-1. Table C-I lists the

results of the anlayses of samples taken from the sampling points shown on

Figure C-I.



C-6 C-8 0-9 C-10 012 C 13
 jill

t
0-4

D-14 D- 5D-2 P............D-L........5 11.6 04 ilD-8 019 0-10 041 D-12
I *

PAP.-5A:ArP3-1
1 Ia

E-2 E 3 E-4...-----"" E-5 E-8 E-7 Eff-8 E9 E10 Elll E 12 PA4 E 14 E-15

---)-:"=] 

I1= I  

IPA-2 I 
1. PA3

F-2 F4 F5 F-6 F 7 F-8 — F-9 — F40 '-'--F-11 — F-12P4-2• F-13 •P4-1' F-14 IF-15

I G7B 

/
P10-4 P10-3

/ dr 

1
P10,2! • 

/ 
t•PM-1 I I

0 4 G-5 G-6

I 
G 8 G-10 G 12

• G-14 G 14 13- 5 0-18

  ■ 

I 
G7A

1 ---"-'916..---.-9 *.... I 

G-11 P13-1 pr-i 1

I --TT
H 15 

P1134 P10-2
611-6

H-8 H 9 H40 H-12 H43 H-17 H-16Hill

1  H-14
•

Pll • p20.1 

P19 2'r

I19 I-11 112 1.13 I- 4 n 1-17 1-18

P19-7/-2-13 9-4

.1- 4 J 15 6 .1-17 J-18

salri

Figure C-1. Locations of sampling points for the soil gas survey.



TABLE C-I. RESULTS OF SOIL GAS ANALYSES CAA)

Grid East North

Sample
Depth
iii, 1,1,1-Trichloroethane

Carbon
Tetrachloride

Tri-
chloroethylene

Tetra-
chloroethylene

** Wells

_

77-1-2 2175 2900 1711 ft P 2.3 0.04 0.1
77-1-3 2175 2900 153 ft 5.0 20.0 5 2.4
77-1-4 2175 2900 112 ft 5.0 20.0 4 1
77-1-5 2175 2900 104 ft 0.8 4.0 0.9 0.4
77-1-6 2175 2900 66 ft 7.0 4.0 8 2
78-4-1 2175 2975 335 ft <0.01 0.6 0.04 0.04
78-4-2 2175 2975 253 ft <0.01 2.0 0.03 0.03
78-4-3 2175 2975 227 ft <0.01 0.1 <0.01 <0.01
78-4-4 2175 2975 118 ft <0.01 26.0 6 2
78-4-5 2175 2975 78 ft <0.01 36.0 9 2

** g

8-02 200 2400 24 <0.01 0.3 0.02 0.07
8-04 600 2400 2 <0.01 0.4 0.03 0.04
8-06 1000 2400 28 <0.01 0.05 <0.01 0.01
8-08 1400 2400 30 <0.01 1.0 0.04 0.05
8-10 1800 2400 29 <0.01 0.4 <0.01 0.03
8-12 2200 2400 21 <0.01 0.7 P p
8-14 2600 2400 30 <0.01 0.8 0.1 <0.01
8-16 3000 2400 19 <0.01 0.2 0.04 0.02
8-18 3400 2400 18 <0.01 0.2 0.05 0.03

** C

C-06 1000 2200 17 <0.01 0.4 <0.01 0.04
C-08 1400 2225 28 <0.01 3.8 0.2 0.4
C-09 1600 2200 18 <0.01 2.0 <0.01 0.07
C-10 1800 2225 20 <0.01 5.0 1 0.8
C-11 2000 2200 28 <0.01 5.6 0.4 0.04.
C-12 2200 2200 20 <0.01 3.1 0.8 0.2
C-13 2400 2200 31 <0.01 1.0 <0.01 <0.01
C-14 2600 2200 31 P 19.0 3 1
C-15 2800 2200 18 <0,01 2.0 P 0.4
C-16 3000 2200 15 P 0.9 0.05 0.05
C-18 3400 2200 30 P 1.5 0.06 0.1
C-19.5 3700 2200 30 0.1 0.5 0.02 0.1

** 0

0-02 200 2000 29 <0.01 P <0.01 <0.01
D-04 600 2045 20 <0.01 0.2 0.01 0.04
0-05 800 2000 12 P 0.1 <0.01 0.04
D-06 1000 2000 12 P 0.1 0.04 0.2



TABLE C-1. (continued)

Grid East North

Sample
Depth
LI:Ea 1,1,1-Trichloroethane

Carbon
Tetrachloride

Tri-
chlcroethylene

Tetra-
chloroethylene

0-07 1200 2000 12 <0.01 0.04 <0.01 0.02

0-08 1400 2000 12 1.0 <0.01 <0.01 <0.01

0-09 1600 2000 17 P 0.1 <0.01 0.5

0-10 1800 2000 30 P 0.4 0.1 0.1

D-II 1925 2000 30 1.2 0.4 0.2 0.8

0-12 2200 2000 25 <0.01 1.0 240 0.01

D-14 2600 2000 32 P 50.0 28 6

0-15 2800 2000 30 <0.01 2 <0.01 <0.01

0-16 31)00 2000 30 <0.01 0.5 <0.01 <0.01

0-17 3200 2000 30 <0.01 0.3 <0.01 <0.01

0-18 3400 2000 30 <0.01 1 <0.01 0.03

0-19 3600 1975 30 13' 4.7 1.1 4.0

** E

E-02 200 1800 12 <0.01 0.02 <0.01 <0.01

E-03 400 1800 12 11.3 <0.01 0.6 1

E-04 600 1800 12 2 <0.01 4 0.03

E-05 800 1800 12 1.2 <0.01 0.01 0.2

E-06 1000 1800 12 <0.01 4.8 0.02 1.4

E-06 1000 1800 12 15 12 12 2.4

E-07 1200 1800 8 'I 1 1 1.6

E-08 1400 1800 12 0.9 1.2 4 0.6

E-09 1600 1800 30 8 3 2 2

E-10 1800 1800 30 1 2 P P

E-11 2000 1800 30 0.4 0.3 1 2

E-12 2200 1800 12 <0.01 <0.01 <0.01 <0.01

E-14 2600 1800 30 8 P <0.01 4.7

E-15 21300 1600 28 310 <0.01 4 7

E-15 2800 1800 28 413 5 0.8 5.2

E-15 2800 1800 28 170 P 1.6 6

E-15 2800 1800 28 121) <0,01 0.08 3

E-15 2300 1800 28 280 P 3.2 7

E-16 3000 1800 30 <0.01 0.2 <0.01 P

E-17 3200 1800 30 <0.01 2 <0.01 <0.01

E-18 3400 1800 35 10 12 9.4 2.1

E-19 3525 1800 30 <0.01 1000 150 40

E-19 3525 1800 30 P 1230 200 34

E-19 3325 1800 30 P 1400 100 25

E-19 3525 1800 30 13 900 690 30

E-19 3525 1800 30 P 640 80 20

E-19 3525 1800 30 P 1200 100 21

E-19.5 3700 1825 32 P 0.3 <0.01 <0.01



TABLE C-1. (continued)

Grid East North

Sample
Depth
(in.) 1,1,1-Trichloroethane

Carbon
Tetrachloride

Tri-
chloroethylene

Tetra-
chloroethylene

** F

F-02 200 1600 30 <0.01 0.1 <0.01 <0.01
F-03 400 1625 12 <0.01 0.2 <0.01 0.7
F-04 600 1575 12 <0.01 <0.01 <0.01 <0.01
F-05 800 1600 12 <0.011 0.02 <0.01 0.01
F-06 1000 1570 12 <0.01 0.07 <0.01 1
F-07 1200 1600 12 <0.01 0.1 <0.01 0.7
F-08 1400 1600 11 P 0.03 <0.01 <0.01
F-09 1600 1600 30 8 2 2 2
1-10 1800 1600 31 17 5 2 2
F-11 2000 1600 30 13 1 1 3
F-12 2200 1600 30 4 10 1 7
F-13 2400 1600 30 P 29 4 2
F-14 2600 1600 30 <0.01 0.09 0.05 0.1
F-15 2800 1600 26 P 13 3 2
F-17 3200 1600 30 0.02 P P P
F-18 3400 1600 20 2 <0,01 1 0.5

** G

G-04 600 1400 30 <0.01 0.05 <0.01 <0.01
G-05 800 1400 12 0.01 0.02 <0.01 <0.01
G-06 1000 1400 12 0.03 0.04 <0.01 <0.01
G-074 1200 1300 12 <0.01 0.2 <0.01 <0.01
0-078 1200 1475 12 <0.01 0.04 <0.01 <0.01
G-08 1400 1400 12 <0.01 0.4 0.2 0.04
G-09 1600 1400 26 P 0.2 P P
0-10 1800 1425 30 <0.01 23 7 12
G-11 2000 1425 32 <0.01 50 20 27
G-12 2200 1420 30 2.5 2.4 1.5 0.4
G-13 2400 1425 30 <0.01 2 3.3 0.5
G-14 2600 1400 32 <0.01 2 0.2 0.2
G-15 2800 1400 32 <0.01 <0.01 <0.01 <0.01
G-18 3400 1400 20 0.04 0.05 0.02 0.2

** H

H-06 1000 1225 31 <0.01 0.5 <0.01 0.02
H-08 1400 1200 12 <0.01 <0.01 <0.01 <0.01
H-09 1600 1200 30 0.2 2.4 0.2 0.08
H-10 1800 1200 25 <0.01 2 0.1 0.03
H-11 2000 1200 30 <0.01 0.3 0.01 0.02
H-12 2200 1200 30 <0.01 1 0.8 1
H-13 2400 1200 30 <0.01 0.2 <0.01 <0.01
H-14 2575 1150 30 <0.01 <0.01 <0.01 <0.01



TABLE C-1. (continued)

Grid East North

Sample
Depth
112,1 1,1,1-Trichloroethane

Carbon
Tetrachloride

Tri-
chloroethylene

Tetra-
chloroethylene 

11-15 2800 1200 30 <0.01 0.01 <0.01 0.0111-17 3200 1200 30 4 <0.01 0.01 0.2
11-18 3400 1200 30 4 <0.01 <0.01 <0.08
** I

1-09 1600 1000 30 <0.01 4 0.2 0.08
1-11 2000 1000 30 <0.01 0.9 <0.01 P1-12 2200 1000 25 0.7 0.3 <0.01 P1-13 2400 1000 30 <0.01 0.4 <0.01 0.011-14 2600 1000 30 <0.01 1.1 P P1-14 2600 1000 30 <0.01 <0.01 <0.01 <0.011-17 3200 1000 31 3 <0.01 <0.01 0.08
1-18 3400 1000 30 <0.01 0.3 0.02 0.04

** J

J-11 2000 750 20 <0.01 0.03 <0.01 <0.01
J-14 2600 800 29 3.8 <0.01 <0.01 <0.011
J-15 2800 800 27 180 P <0.01 P
J-16 3000 800 26 0.01 0.01 0.01 <0.01
J-17 3200 800 30 0.2 0.3 0.06 0.04J-18 :3400 800 30 <0.01 <0.01 <0.01 <0.0T

** K

K-14
K-17

2600 600
3200 600

21
32

<0.01
<0.01

0..4
0.06

0.03
<0.01

0.02
0.01

** L

L-17 3200 400 30 <0.01 0.02 <0.01 <0.01

** Neutron Access Tubes

NAT-02 3360 770 13 ft 1 0.3 0.07 0.07
NAT-03 3470 1210 10 ft 5 4 1 0.4
NAT-04 3580 1650 10 ft <0.01 5 1 0.4
NAT-05 3675 2120 9 ft <0.01 4 0.4 0.3
1141-07 3455 1675 10 ft <0.01 22 4 1
NAT-19 1740 2090 15 ft P 24 1 2
NAT-22 1265 1900 8 ft P 19 0.5 <0.01
1141-26 500 1920 11 ft P 22 2 3
NAT-27 260 1775 12 ft <0.01 8 <0.01 1
NAT-W02 3310 2070 10 ft <0.01 P <0.01 <0.01



TABLE C-1. (continued)

Sample
Depth

Grid East North jklit .1,1,1-Trichloroethane
Carbon

Tetrachloride
Tri-

chloroethylene
Tetra-

chloroethylene

** Pit Samples

P03-1 1950 1900 30 50 10 9 5
PO4-1 2500 1600 31 <0.01 4 1 1
PO4-2 2300 1600 31 <0.01 2300 9 10
P08-1 2950 1900 30 P <0.01 <0.01 <0.01
P09-1 3500 1900 31 <0.01 0.3 <0.01 <0.01
P09-2 3510 1850 31 <0.01 1000 8 13
P10-1 2400 1485 26 0.4 3.8 P 1.8
P10-2 2000 1475 30 <0.01 160 21 19
P10-3 1800 1500 30 <0.01 100 30 9
P10-3 1800 1500 30 <0.01 470 4 10
P10-4 1600 1500 30 <0.01 28 22 2
P13-1 2200 1350 26 <0.01 0.08 <0.01 <0.01
P18-1 2900 1350 28 <0.01 <0.01 <0.01 <0.01
P18-2 3125 1300 25 <0.01 <0.01 <0.01 <0.01
P19-2 3075 1150 10 ft <0.01 0.05 <0.01 0.01
P19-3 3000 1025 10 ft <0.01 <0,01 <0.01 <0.01
P19-4 3025 950 10 ft P 0.02 <0.01 <0.01
P19-5 2900 900 10 ft <0.01 0.06 0.01 0.02
P19-6 2850 1075 10 ft <0.01 0.2 0.03 0.04
P19-7 2875 1000 10 ft P P <0.01 <0.01
P20-1 2925 1025 10 ft 2 1 0.6 2
PA-1 2350 1850 30 <0.01 8 3.2 9.7
PA-2 2350 1750 30 <0.01 3.8 1.3 5.7
PA-3 2425 1750 29 <0.01 3.0 1 2.2
PA-4 2300 1900 29 <0.01 1.9 0.4 2.5
PA-5 2275 2000 25 <0.01 3.5 0.6 4
PA-6 2350 2050 28 <0.01 12 4.6 13
PA-7 2425 2050 30 <0.01 5.4 4.6 7.8
PC-1 2400 1350 25 <0.01 2 <0.01 <0.01

** Transuranic Storage Area

TRU-1 3970 1475 20 ft 20 32 36 <0.01
TRU-2 4044 1349 20 ft 0.4 3 0.6 <0.01
TRO-3 4121 980 20 ft 24 22 6 2
TSAR1 3875 692 13 <0.01 0,3 <0.01 <0.01
TSAR2 3763 1211 22 <0.01 0.1 <0.01 <0.01
TSARS 3802 1462 27 <0.01 0,5 <0.01 <0.01

** Well

WWW1-1 -1600 1800 15 ft <0,01 8.8 1.6 0.4
WWW1-2 -1600 1800 48 ft <0.01 8 1.2 0.4
WWW1-3 -1600 1800 74 ft <0.01 30 3.8 0.9



TABLE C-1. (continued)

Grid East North

Sample
Depth
LL)ir 1,1,1-Trichloroethane

Carbon
Tetrachloride

Tri-
chloroethylene

Tetra-
chloroethylene

WWW1-4
WWW1-5
WWW1-6
WWW1-7

-1600 1800
-1600 1800
-1600 1800
-1600 1800

112 ft
135 ft
180 ft
240 ft

P
P
P

<0.01

6,6
28
3
0.9

1
4
2
P

0.4
1
0.4
P

** Field 81anksa

XP-01 0 0 0 <0.01 <0,01 <0.01 <0.01
XP-02 0 0 0 <0.01 P <0.01 <0.01
XP-03 0 0 0 <0.01 <0.01 <0.01 <0.01
XP-04 0 0 0 <0.01 P <0.01 <0.01
XP-05 0 0 0 P p p P
XP-06 0 0 0 <0.01 P <0.01 <0.01
XP-07 0 0 0 <0.01 0.01 <0.01 <0.01
XP-08 0 0 0 P P <0.01 <0.01
XP-09 0 0 0 p P <0.01 <0.01
XP-10 0 0 0 P p <0.01 <0.01
XP-11 0 0 0 P P <0.01 <0.01
XP-12 0 0 0 P P <0.01 <0.01
XP-13 0 0 0 P P P P
XP-14 0 0 0 p P <0.01 <0.01
XP-15 0 0 0 P P <0.01 <0.01
XP-16 0 0 0 <0.01 <0.01 <0.01 <0.01
XP-17 0 0 0 <0.01 P <0.01 <0.01
XP-18 0 0 0 <0.01 P <0.01 <0.01
XP-19 0 0 0 <0.01 0.01 <0.01 <0.01
XP-19 0 0 0 <0.01 <0.01 <0.01 <0.01
XP-20 0 0 0 <0.01 0.05 0.05 0.05
XP-21 0 0 0 <0.01 P <0.01 <0.01
XP-22 0 0 0 <0.01 <0.01 <0.01 <0.01
XP-23 0 0 0 <0.01 P <0.01 <0.01

** Outside the Grid

7-01 2300 2994 32 <0.01 0.06 <0.01 <0.01
7-02 2833 3000 13 <0.01 0.2 0.01 <0.01
2-03 3015 3558 17 <0.01 0.08 <0.01 <0.01
7-04 3222 4138 31 <0.01 0.2 0.01 <0.01
7-05 3170 4585 23 <0.01 <0.01 <0.01 <0.01
7-06 4504 1889 30 <0.01 2 0.03 0.1
7-07 5095 2359 30 <0.01 0.2 0.01 0.2
2-08 5860 2806 27 <0.01 0.2 0.01 0.01
2-09 6497 3246 27 <0.01 0.02 <0.01 <0.01
2-10 -573 1627 21 P p <0.01 <0.01
2-11 -1355 2013 13 P P <0.01 <0.01
7-12 -1881 2329 16 <0.01 0.03 <0.01 <0.01



TABLE C-1. (continued)

Sample
Depth Carbon Tri- Tetra-

Grid East North Ciila 111,1-Trichloroethane Tetrachloride chloroethylene chloroethylene

2-13 1528 412 30 <0.01 0.9 0.05 0.07
2-14 1186 -33 30 <0.01 0.9 0.05 0.08
2-15 842 -334 E8 P 0.2 <0.01 <0.01
2-16 -873 -2980 28 P 0.2 <0.01 <0.01

Note: P indicates that the constituent was detected in the sample at an unquantified level.

a. Field blanks collected by pulling ambient air through a probe and collecting a sample of the air in a
syringe.



APPENDIX D

STRUCTURE FOR DATABASE

0-1



Structure for database: C:instrmts.dbf
Number of data records: 310
Date of last update
Field Field Name

: 01/14/88
Type Width Dec

1 INST Character 5
2 WELL Character 3
3 DEPTH Numeric 7 2
A
It.

nATr T UC"?
UMIE_Illai

n-4.-
uaLc

0
5 XO Numeric 10 5
6 X1 Numeric 10 5
7 X2 Numeric 10 5
8 X3 Numeric 10 5
9 X4 Numeric 10 5
10 MATERIALS Character 64
11 NOTES Character 72

* * Total ** 210

Structure for database: C:wells.dbf
Number of data records: 35
Date of last update
Field Field Name

: 11/12/87
Type Width Dec

1 WELL Character 3
2 DRILLED Date 8
3 TOT DEPTH Numeric 6 2
4 x_cUoRD Numeric 10 2
5 Y COORD Numeric 10 2
6 ELEVATION Numeric 8 2
7 INST LIST Character 180
A SHRFrAS L NumPrir 2
9 SURFCAS_D Numeric 8 2
10 ABANDON Date 8
11 TREATMENT

* * Total **
Character

432
180

Structure for database: C:psychrom.dbf
Number of data records: 9253
nate. of lAt update
Field Field Name

: 11/24/A7
Type Width Dec

1 WELL Character 3
2 INST Character 5
3 DATE Date 8
4 TIME Character 5
5 TEMP Numeric 5 2
6 OFFSET Numeric 5 2
7 MVOLTS Numeric 5 2
8 MATPOT Numeric 8 3

* * Total ** 45



Structure for database: C:labchem.dbf
Number of data records: 51
Date of last update
Field Field Name

: 12/14/87
T pe Width Dec

1 INST Character 5
2 DATE Date 8
3 TIME Character 5
4 NA Numeric 8 2
5 K Numeric 8 2
6 CA Nlimpri r A 7
7 MG Numeric 8 2
8 FE Numeric 8 2
9 AL Numeric 8 2
10 SI02 Numeric 8 2
11 B Numeric 8 2
12 LI Numeric 8 2
13 SR Numeric 8 2
14 ZN Numeric 8 2
15 HCO3 Numeric A 7

16 CL Numeric 8 2
17 F Numeric 8 2
18 SO4 Numeric 8 2
19 BR Numeric 8 2
20 NO3 Numeric 8 2
21 PO4 Numeric 8 2
22 TDS Numeric 8 2
23 OTHER Character 60

** 1-̂ 4,,......1 ** 231

Structure for database: C:heatbloc.dbf
Number of data records: 1121
Date of last update : 12/15/87
Field Field Name Type Width Dec

1 WELL Character 3
2 INST Character
.1 nii-rr n..1.-
a UMIC UOLU

4 TIME Character g
5 MEAS Numeric 8 2
6 MATPOT Numeric 8 2

** Total ** 38

Structure for database: C:tension.dbf
Number of data records: 394
Date of last update : 01/14/88
Field Field Name Type Width Dec

1 WELL Character 3
2 INST Character 51 nATF Datp A
4 TIME Character 5
5 MEAS Numeric 4
6 MATPOT Numeric 8 2
7 VOL Numeric 4

** Total ** 38



Structure for database: C:probe.dbf
Number of data records: 553
Date of last update : 12/23/87
Field Field Name Type Width Dec

1 WELL Character 3
2 STD Numeric 5
3 CHISQ Numeric 4 2
4 P Numeric 4
5 DEPTH Numeric 8 2
6 DATE Date 8
7 TIME Character 5
8 MEAS Numeric 8 2
9 MATPOT Numeric 8 2

** Total ** 54

Structure for database: C:fldchem.dbf
Number of data records: 84
Date of last update : 11/04/87
Field Field Name Type Width n.,V„

1 INST Character 5
2 DATE Date 8
3 TIME Character 5
4 TEMP Numeric 5 1
5 FLD_PH Numeric 5 2
6 FLD_SPC Numeric 6
7 LAB_SPC Numeric 6
8 VOL Numeric
A onnumr 11r...........4.,
7 unufnIAJL numicilL U I

10 DIS_OX Numeric 5 1
11 EH Numeric 5 2

** Total ** 61

Structure for database: C:gypblock.dbf
Number of data records: 1212
Date of last update : 12/17/87
F2-1J 12.-1-J II- T.
riew rieuu [lathe i pe Width Dec

1 WELL C aracter 3
2 INST Character 5
3 DATE Date 8
4 TIME Character 5
5 MEAS Numeric 4
6 MATPOT Numeric 8 2

** Total ** 34



APPENDIX E

TENSIOMETER DATA



PAOI , HYDRAULIC HEAD, 6 TO 9 FT

H
Y
D
R
A
U
L
I
C
 
H
E
A
D
 
(
R
E
L
.
 T
O
 
L
S
D
)
 

M
A
T
R
I
C
 
P
O
T
E
N
T
I
A
L
 
(
E
A
R
S
)
 

—0.1  

—0.12 —

—0.14 —

—0.16

—0.18

—0.2

—0.22 —

—0.24 —

—0.26 —

—0.28 —

—0.3 —

—0.32 -

-0.34 —

—0.36 -

-0.38

TO8 AND T07

❑
1

02—Jun-85 19—Dec —85 07—Jul-86 23—Jan-87 1 1—Aug-87

0.2

❑ 9 FT (2.74 rn)

PAO2, 3 AN

6 FT (1.83 rn)

D 6 F.- 3L5

0.1 —

0

—0.1 —

—0.2 —

—0.3 —

—0.4 —

—0.5

02—Jun-85 19—Dec-85 07—Jul-86 23—Jan-87 11—Aug-87

❑ 3 FT (0.91 m) ▪ 6 FT (1.83 m)



0.05

HYDRAULIC GRADIENT, PA01 3 FT TO 6 FT
108 AND 109

H
Y
D
R
A
U
L
I
C
 
G
R
A
D
I
E
N
T
 
(
-
D
O
W
N
W
A
R
D
,
 +
U
P
W
A
R
D
)
 

H
Y
D
R
A
U
L
I
C
 
G
R
A
D
I
E
N
T
 
(
-
D
O
W
N
W
A
R
D
,
 +
U
P
W
A
R
D
)
 

0.04 —

0.03 —

0.02 —

0.01 —

0

—0.01 —

—0.02 —

—0.03 —

—0.04  

02—Jun-85

0.04

lAsoN_ A 1
,v1 V \I

19—Dec-85 07—Ju€-86 23—Jan-87 11—Aug-87

HYDRAULIC GRADIENT, PA01 6 FT TO 9FT
TO7 AND TO8

0.03 —

0.01 —

0

—0.01 —

—0.02 —

—0.03
LEI

—0.04 —
0

—0.05 —

—0.06 —

—0.07 —

—0.08 I I 1

02—Jun-85 19—Dec-85 07—Jul-85

RR
~I Iii 

1

23—Jan-87 11—Aug-87



H
Y
D
R
A
U
L
I
C
 
G
R
A
D
I
E
N
T
 
(
-
D
O
W
N
W
A
R
D
,
 +
U
P
W
A
R
D
)
 

H
Y
D
R
A
U
L
I
C
 
H
E
A
D
 
(
R
E
L
.
 T
O
 
L
S
D
)
 

0.01

0

—0.01

HYDRAULIC GRADIENT, PAO 1 3 FT TO 9 FT
T07 AND T09

—0.02 —

—0.03 —

—0.04 —

—0.05 —

—0.06

0

02—Jun-85 19—Dec-85 07—Ju(-,-86

—0.06  

—0.08 —

—0.1 —

—0.12 —

—0.14 —

—0.16 —

—0.18 —

—0.2 —

—0.22 —

—0.24 —

—0.26 —

—0.28 —

—0.3 —

—0.32  

23—Jan-87 11—Aug-87

PA01 , HYDRAULIC HEADS, 3 AND 6 FT
T09 AND T08

r-\
7\\_

\1

02—Jun-85 19—Dec-85 07—Jul-86 23—Jan-87 11—Aug-87

CJ 3 FT (0.91 m) 6 FT (1.83 m)



0.15

WELL PA01 , 3, 6 AND 9 FT BLS
TENSIOMETERS

M
A
T
R
I
C
 
P
O
T
E
N
T
A
I
L
 
(
B
A
R
S
)
 

M
o
t
r
i
c
 
P
o
t
e
r
i
t
i
a
i
 
(
B
a
r
s
)
 

0.1 —

0.05 —

0

—0.05 —

—0.1 —

—0.15 ---

—0.2

0

02—Jun-85 19—Dec-85 07—Jul-86 23—Jan-87 11—Aug-87

0 T07-9 FT

0  

—0.05 —

—0.1 —

—0.15 —

—0.2 —

—0.25 —

—0.3 —

—0.35 —

—0.4

• T08-6 FT o T09-3 FT

WELL T23, 3 FT BLS
Tensiometer T06

N A

/

02—Jun-85 I9—Dec-85 07—Jul-86 23—Jan-87



WELL W02, HYDRAULIC HEADS
T01 AND 102

H
Y
D
R
A
U
L
I
C
 
H
E
A
D
 
(
R
I
E
L
 
T
O
 
L
S
D
)
 

M
o
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

—0.1  

—0.15 —

—0.2 —

—0.25 —

—0.3j
—0.4 —

—0.45 —

—0.5  

19 KI

02—Jun-85 19—Dee-85

—0.05  

—0.1 —

—0.15 —

—0.2 —

V' • A V.

6 FT (1.83 m)

4

07—Jut-86 23—Jan-87 11—Aug-87

▪ 3 FT (0.91 m)

WELL W24, 3, 6 and 9 FT BLS
TENSIOMETERS T14, 113 and T12

—0.3 —

—0.35 —

—0.4 —

—n a5 —

—0.5 —

—0

15—Oct-86 23—Jan-87 03—May-87 11—Aug-87 19—Nov-87

T12 (80X-9'), T13 (4--6'). T14(DIA-3')



W24, HYDRAULIC HEAD, 6 AND 9 FT
T08 AND T09

H
Y
D
R
A
U
L
I
C
 
H
E
A
D
 
(
R
E
L
.
 T
O
 
L
S
D
)
 

G
R
A
D
I
E
N
T
 
(
+
U
P
W
A
R
D
.
 -
D
O
W
N
W
A
R
D
)
 

-0.22

-0.24

-0.26

-0.28

-1-1 -; -

-0.32 -

-0.34 -

-0.36 -

-0.38 -

-0.4 -

-0.42 -

-0.44 -

-0.46 -

-0.48 -

-0.5 -

-0.52 -

-0.54 -

-0.56 -

-0.58  

15-Oct-85

0.08

0.07

0.06 -

0.05 -

0.04 -

0.03 -

0.02 -

0.01 -1

0  

-0.01 -

-0.02 -

-0.03 -

-0.04 -

-0.05  

11

23-Jon-87

6 FT (1.83 rn)

03-May-87

+ 9 FT (2.74 rn)

WELL W24, GRADIENT
112, 113 AND 114

19-Nov-87

15-Oct-86

-r

23-Jon-87 03-May-87 11 --Aug-87 19-Nov-87

0 0.91-1.83m 1.83 TO 2.74 rn



H
Y
D
R
A
U
L
I
C
 
H
E
A
D
 
(
R
E
L
.
 T
O
 
L
S
D
)
 

H
Y
D
R
A
U
L
I
C
 
H
E
A
D
 
(
R
E
L
.
 T
O
 
L
S
D
)
 

—0.25  

—0.3 —

—0.35 —

—0.4 —

—0.45 —

—0.5 —

—0.55 —

—0.6 —

—0.65 —

—0.7 —

—0.75  

W17, HYDRAULIC HEADS, 3 AND 6 FT
118 AND 119

A

1

15—Oct-86 23—Jan-87 03—May-87 11—Aug-87 19—Nov-87

—0,15  

—0.2 —

—0.25 —

—0.3 —

—0.35 —

—0.4 —

—0.45 —

—0.5 —

—0.55 -

-0.6

—0.65  

O 3 FT (0.91 rn) + 6 FT (1.83 rn)

W24, HYDRAULIC HEAD, 3 AND 6 FT
108 AND 109

15—Oct-86

1

23—Jan-87 03—May-87 11 —Aug— 87 19—Nov-87

CJ 6 FT (1.33 rn) 3 FT (0.91 rn)



WELL W02, GRADIENT
T01 AND 102

G
R
A
D
I
E
N
T
 
(
+
U
P
W
A
R
D
,
 -
D
O
W
N
W
A
R
D
)
 

H
Y
D
R
A
U
L
I
C
 
H
E
A
D
 
(
R
E
L
.
 T
O
 
L
S
D
)
 

0.13

0.12

0.11

0.1

0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

—0.01

—0.02 -

-0.03

—0.04

—0.05  

02—Jun-85

—0.05

\

I i 1 1 1 ;

19—Dec-85 07—Jul-86 23—Jan-87 11 —Aug-87

❑ 3 TO 6 FT

W06, HYDRAULIC HEAD, 3 AND 6 FT
TI 6 AND T17

—0.1 _ A
—0.15 -

-0.2 — 

al

—0.25 -

I

—0.3 — 

4—'-3 IEt\
—0.35 — Fi---

-0.4 — 

\ \ N
—0.45 —

M
—0.5— 

W 

—0.55 i I I I ; r i 1 I

15 —Ock-86 23—Jan-87 03—May-87 11 —Aug-87 19—Nov-87

0 3 FT (0.91 m) • 6 FT (1 83 m)



H
Y
D
R
A
U
L
I
C
 
G
R
A
D
I
E
N
T
 
(
-
D
O
W
N
W
A
R
D
,
 4
-
U
P
W
A
R
D
)
 

H
Y
D
R
A
U
L
I
C
 
H
E
A
D
S
,
 R
E
L
A
T
I
V
E
 
T
O
 
L
S
D
 

0.16  

0.14  

0.12 —

0.1 —

0,08 —

0.06 —

0.04 —

0.02

0  

—0.02

—0.04-1

—0.06 —

—0.08 —

—0.1

WELL PA02, GRADIENT
T10 AND T1I

02—Jun-85 19—Dec-85 07—Jul-86 23—Jon-87 11—Aug-87

0

▪ 4" rt
P rl I-7,

WELL PA02, HYDRAULIC HEADS
T10 AND T11

—0.1 —

—0.2 —

—0.3 —

—0.4 —

—0.5 —

0.6

?

02—Jun-85 19—Dec-85 07—Jul-86 23—Jon-87 11 —Auq-87

• T11 3 FT + T10 3 FT



0.1

WELL W20, 4 FT BLS
Tensiometer T03

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
-
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

0

- 0.1 —

—0.2 —

—0.3 —

—0.4 —

—0.5

02—Jun-85 19--Dec-85 07—Jul-86 23—Jan-87 11 —Aug-87

0.05

0

WELL W23, 3 FT BLS
Tensiometer T05

—0.05 —

0.1 —

—0.15 —

— 0.2 —

—0.25 —

—0.3 —

—0.35  

02—Jun-85 19—Dec-85 07—Jui-86 23—Jan-87 11—Aug-87



APPENDIX F

GYPSUM BLOCK DATA



WELL PA1, GYPSUM BLOCKS

M
o
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
o
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

—0.03

—0.04

—0.05

—0.06

—0.07

—0.08

Means for Matric Potential

—0.09 -1

—0.1

—0.11

—0.12

—0.13

—0.14

—0.15

4 V

—0.17

—0.18 -

-0.19 --

-0.2

02—Jun-85

IMA\1/)II B
rl

6 T

19—Dec-85 07—Jul-86 23—Jan-87 11 —Aug-87

0 Depth: 3.5 ft BLS + Depth: 9.5 ft BLS

WELL 10, GYPSUM BLOCKS
MEANS AT VARIOUS DEPTHS

• •

—2 —

—4 —

—6 —

—8 —

—10 —

—12 —

—14 —

—16 —

—18 —

—20 —

—22

—24  

02—Jun-85

1

19—Dec-85 07—Jul-86 23--Jan-87 11 —Aug-87

O 3.0 FT + 5.0 FT O 7.5 F7 A 10.0 FT



WELL 12, GYPSUM BLOCKS
Mean with Maximum and Minimum

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

2  

—4 —

—6 —

—8 -

—10 —

—12 —

—14 --

—16 —

—18 —

—20 —

—22 —

—24 —

—26 —

—28

±

❑

1

02—Jun-85 19—Dec-85 07—Jul-86 23—Jan-87 11—Aug-87

02—Jun-85

❑ 3.0 FT

❑ Depth: 4.0 ft BLS

WELL 19, GYPSUM BLOCKS

19—Dec-85

+ 5.0 FT

Means at various depths

07—Jui-86 23—Jan-87

0 10.0 FT

11 —Aug--87

• 15.0 FT



WELL T12, GYPSUM BLOCKS

M
o
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

—2

—3

—4
—S

—6

—7

—8

—9

—10

— 11

—12

—13

—14

—15

—16

—17

—18

—19

—20

—21

—22

—23

—24

Mean with Maximum and Minimum

02—Jun-85 19—Dec-85 07—Jul-86

❑ Depth: 4.0 ft BLS

23—Jan-87 11—Aug-87



APPENDIX G

HEAT DISSIPATION SENSOR DATA

G-1



M
a
t
r
i
c
 
P
o
t
e
n
t
a
i
l
 
(
B
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

0.40  

0.30 —

0.20 —1

0.10 —

0.00

—0.10 —

—0.20 —

—rt.-4.1-1

—0.40 —

—0.50 —

—0.60 --

—0.70 —

—0.80 —

—0.90  

WELL W05-W06, 6, 11, 15 FT BLS
741-6 ft. 502-11 ft, 679-15 ft

15—Oct-86

0.4

23—Jan-87

❑ 649

03—May-87 11—Aug-87

+ 502 o 741

WELL W11, 10 FT BLS
SENSORS 755. 757, 758

19—Nov-87

0.2 —

0

—0.2 —

—0.4 —

—0.6

- 0.8 --

-1 —

— 1.2 —

— 1.4 -

-1.6 —

— 1.8

—2 —

—2.2 —

—2.4

15—Oct-86 23—Jan-87 0.3—May-87 11—Aug-87 19—Nov-87



WELL W1 1 1 6 FT BLS
SENSORS 497, 663. 740

a
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

—0.9  

—1

—1.1 —

—1.2 —

— 1 3 --

-1.4 —

— 1.5

— 1.6 —

— 1.7 —

— L8 --

-1.9 —

—2 —

—2.1

—2.2 ; 

15—Oct-86

— 0.2

—0.4 —

—0.6 —

--0.8-I

— 1 —

—1.2 --

-1.4 —

— 1.6 —

—18

—2 -

-2.2 —

—2.4 —

—2.6 -

- 7.8 —

3

T I

23—Jon-87 03—May-87 11—Aug-87 19—Nov-87

WELL W1 1 , 3 FT BLS
SENSORS 735, 760, 762

15—Oct-86 23—Jan-87 03—May-87 11—Aug-87 19—Nov-87



M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

-0.2

—0.3

—0.4

—0.5

—0,6

— 0.7

—0.8

—0.9

— 1

— 1.1

—1.2

—1.3

— 1.4

— 1.5

— 1.6

— 1.7

—1.8

- 19

—2

— 2.1

— 2.2

—2.3

—2.4

WELL W18, 4 FT BLS
SENSORS 703, 686. 703

A

15—Oct-86

0.1

0

23—Jan-87 03—May-87 11 —Aug-87 19—Nov-87

WELL W24, 6 FT BLS
SENSORS 541, 699, 712

—0.1 —

—0.2 —

—0.3 —

—0.4 —

—0.5 —

—0.6 —

—(1 7 —

—0.8

\I\
15—Oct-86

r

23—Jan-87 03—May-87 11—Aug —87 19—Nov-87



VVLLL Wes:.,, 4, / AND 14 F I BLE:
SENSOR 797, 705 AND 724

M
A
T
R
I
O
 
P
O
T
E
N
T
I
A
L
 
(
B
A
R
S
)
 

—0.2 -

-0.4 -

-0.6 -

-0.8 —

—1 —

—

—1.2 

1.4  

15—Oct-86 23—Jan-87

D 4 ft

03—May-87

+ 7 ft

11 —Aug-87

O 14 ft

19—Nov-87



M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
o
r
e
)
 

0

WELL W17, 6 FT BLS
SENSORS 664, 688

—0.1 -

-0.2 -

-0.3 -

-0.4 -

-0.5

—0.6-4

—0.7 -4

—0.8

—0.9 -

-1 -

-1.1 —

—1.2

— 1.3 -

-1 4 -

-1.5 -

-1.6 -

-1.7 -

-1.8 -

-1.9 -

-2 —

—2-1 71

—2.2 I 

15—Oct-86

Iv

0

7

23—Jon-87

I I

03—May-87 11—Aug-87 19—Nov-87

WELL W17, 9 FT BLS
SENSORS 644, 731, 738

—0.2 --

-0.4 —

—0 6 -

-0.8 —

—1 —

— 1.2 —

— 1.4

— 1.6

— 18

—2 —

— 2.2 —

—2.4 —

— 2.6 -

-2.8

15—Oct-86 23 —Jon —87 03—May-87 11—Aug-87 19—Nov-87



WELL W18, 10 FT BLS
SENSORS 681. 706, 730

M
o
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
o
l
 
(
B
a
r
s
)
 

— 1.2

—1.3

— 1.4

— 1.5

— 1.6

— 1.7

—1.9

--2

— 2.1

— 2 2

—2.3

— 2.4

— 2.5

— 2.6

—2.7

—7 R

— 2.9

—3

—3.1

11

15—Oct-86

— 1.6  

— 1.7--

-1.8 —

—1.9 —

—2 —

—2.1 —

—2.2 —

—23

—2.4 —

— 2.5

1-1

23—Jan-87 03—May-87 1 1 —Aug-87 19—Nov-87

WELL W18, 16 FT BLS
SENSORS 557, 67.3. 686

15—Oct-86 23—Jan--87 03—May-87

3

11—Aug-87 19—Nov-87



WELL W13, 3 FT BLS

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

1
SENSORS 658, 753, 761

-1.5 -

—2

—2.5 —

—3 —

—3.5 —

—4 —

—4.5 —

5 1

15—Oct-86 23—Jan-87 03—May-87 11 —Aug-37 19—Nov-87

Motric Potentaii (Bars)

0.6  

0.4 —

0.2 —

0

—0.2 -

-0.4 -

-0.6 —

—0

- 1 

8 —

\\

.1\\\
—1.2

—14

— 1.8 -

-2-

-2.2

— 2.4  

WELL W13, 6 FT BLS
SENSORS 035, 696, 707

0. h

15—Oct-86 23—Jan-87 03—May-87 11—Aug-87 19—Nov-87



WELL W17, 15 FT BLS
SENSORS 649, 697, 713

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

0.2

0

—0.2 —

—0.4 -

-0.6 —

—08 —

— 1 —

— 1.2 —

— 1.4 —

—1.6 -4

— 1.8 —

—2 —

-2.4 —

—2 6

15—Oct-86 23—Jan-87 03—May-87

—1.6

—1.7

— 1 .8
—1.9

—2

—2.1

—2.2

—2.3

-.2.4

—9 5

—2.6

—2.7

—2.8

—2.9

—3

—3.1

—3.2

r
I —Aug-37 19—Nov-87

WELL W17, 3 FT BLS
SENSORS 517, 695. 745

15—Oct-86 23—Jan-87 03—May-87 11 —Aug-87 19--Nov-87



WELL Wi 1 5 FT BLS

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

0.2

0

—0.2

— C.4

-- C'.5

—0.8

—1

— 1 2

— 1.4

— 1 6

SENSORS 734, 743, 751

— 1.8 —

—2

--2.2

—2 4

— 2.6 —

—2.8 —

—3 —

—3.2

15—Oct-86

0

— 1

23—Jan-87 03—May-87 11—Aug-87 19—Nov-87

WELL W1 3, 1 0 FT BLS
SENSORS 744, 752, 759

—2 —

—3 —

—5 —

—6 —

—7 —

—8 —

—9 —

—10 —

15—Oct-86 23—Jan-87 03—May-87 11—Aug-87 19—Nov-87



1.5

WELL W13, 13 FT BLS.
SENSORS 684, 694, 745

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

M
o
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
B
a
r
s
)
 

1.4

1.2

0.8

0.6

0.4 -

0.2 -

0 T

-0.2 -

-0.4 -

-0.6 -

-0.8 -•

-1 -

15-Oct-86

0.8  

0.7

0.6 -

0.5 -

0.4 -

0.3 -

0.2 -

0.1 -

-0.1

-0.2

-0.3

-0.4

-0.5

-0.6

-0.7

-0.8

-0.9

-1

-1.1

1.2

-1.3

23-Jan-8703 -May-87 11 -.Aug-87 19-Nov-87

WELL W13, 17 FT BLS
crNcnRc 74(1, 75n, 76.3

15-Oct-85

\\,



APPENDIX H

PSYCHROMETER DATA



M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

b

WELL 1 , PSYCHROMETERS
3 ft BLS

— 1 —

—2

—3

—4 —

—5 —

—6 —

—7 —

—8

❑

❑

+ 0

0 7'

7'm
lil

0
0

cO +

❑ 9
0

0

0

0

0

•
0

n
❑
❑

0

❑

02—Jun-85 19—Dec-85 07—Jul-86 23—Jan-87 11—Aug-87

0

O P01 + P02 0 P03

WELL 1 , PSYCHROMETERS
5 ft BLS

—2 —

—3

—4 —

—5 —

—6 —

—7 —

—8 —

—9 —

—10

— 11  

0
O 0
rt ❑

1E1 0

O °
O °
O

0

0

0

+ +

0

0

❑ 0❑
g 
g

8 o

0

4-

02 85 19—Dec —85 07—Jul-86 23—Jan-87 11—Aug-87

O PO4 + P05 o P06



-WELL 1 , PSYCHROMETERS
Depth: 7 ft 8LS

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

0  
-1 -

-2 -

-3 -

-4 -

-5 -

-6 -

-7 -

-8 -

-9 -

-10 -

-11 -

-12 -

-13 -

-14 -

-15 -

-16 -

-17 -

-18

-19 -

0

$

❑

0

@ B 8 +
8 +

0 * +
+

+ t 
+ 
+

+ + *
+

O

+ 0

+0

0
0
O

0
O

O

8 0
O

0

0

0

0

O
0
O

0
O
0

0

8+ 0 ❑

6 t ° ❑

O

O

0

0

0

0
o
0

8 0

0 0
0

O

o • 0
0

O 0

-20 r --r r r r 1 r

02-Jun-85 19-Dec-85 07-Jul-86 23-Jan-87 11-Aug-87

0 P07 + P08 0 P09

TWIN WELL 12, PSYCHROMETERS
Depth: 4 H. BLS

18

02-Jun-85 19-Dec-85 07-Jul-86 23-Jan-87 1 1-Aug-87

0 P10 ▪ P11 0 P12



WELL 16, PSYCHROMETERS

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

0

—1 —

—2 —

—3 —

—5

-6 —

—7 —

—8 —

—9 —

—10 —

—11 —

—12 —

13

Depth! 3.0 ft BLS

1

02—Jun-85 19—Dec-85 07—Jul-86 23—Jan-87 11—Aug-87

O P16 + P17 o P18

WELL, 16, PSYCHROMETERS
Depth; 4.7 ft 8LS

—3

—4

—5

—6

—7

-8
—9

—10

— 11

—12

—13

—14

—15

—16

—17

—18

—19

—20

—21

O

yr1/1

02—Jun-85 19—Dec-85 07—Jui-86 23—Jan-87 11—Aug-87

O P13 + P14 0 P15



M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

-4

—6 —

—8 —I

—10 —

—12 —

—14 —

—16 —

—18 —

—20 —

—22 —

—24 —

—26 —

—28 —

—30

WELL 18, PSYCHROMETERS
Depth: 2 ft BLS

E B
B

❑

❑ 

8
❑

1

26—Aug-86 04—Dec-86 14—Mar-87 22—Jun-87 30—Sep-87

—2

—3

—4

—5

—6

—7

—8
—9

—10

—11

—12

—13

—14

—15

—16

—17

—18

—19

—20

—21

—22

—23

0 P50

WELL 18, PSYCHROMETERS
Depth: 3 ft BLS

26—Aug-86 04—Dec-86 14—Mar-87 22—Jun-87 30—Sep-87

P51



WELL 18, PSYCHROMETERS

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

0

— 1

—2

—3

—4

—5

Depth: 4 ft BLS

—7 —

—8 —

—9 --

-10 —

— 11 -

-12 —

—13 --

-14 -

—15 —

15

0
0
0

O

0

0

0 0

8

O

0

26—Aug-86 04—Dec-86 14—Mar-87 22—Jun-87 30—Sep-87

—9

— 10

— 11

— 12

—13

—14

— 15

—16

—17

—18

—19

—20

—21

—22

—23

0 P52

WELL 18, PSYCHROMETERS
Depth: 5 ft BLS

❑
1.1

❑

a g❑®
0-
op

aE

a.0
Ed in

Ef
00
o ❑

a

a
a
0

0

0

0

0

0

0

❑

❑

0
—24 —I 0

—25 ;1 Q 
F r I I

26—Aug-86 04—Dec-86 14—Mar-87 22—Jun-87 30—Sep-87

0 P54



0

WELL 18, PSYCHROMETERS
Depth: 6 ft LBS

M
o
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
o
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

—1 —

—2

—4

—5

—6

—7

=8

—9

— 10

— 11

—12

—13

—14

—15

—16

—17

—18

—19

2b—Aug-86

7

04—Dec-86 14—M -er— 87

+ P55

4-

r

22—Jun-87

WELL 18, PSYCHROMETERS
Depth. 7 ft BLS

—Cap—R7

—8

—9 —

—10 -

—11 —

— 12 -

-13 —

—14 —

a

❑

—15 — 0

—16 —

0
OR

Ors

100

❑

g

[9

n
❑

❑

❑ 

0

❑
0

a

—17 — ❑

—18

—19

—20  

,F0
0

26—Aug-86 04—Dec-86 14--Mar-87 22—Jun-87 30—Sep-87

P56



WELL 18, PSYCHROMETERS

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

— 11

—12

— 13

— 14

—15

— 16

—17

— 18

—19

—70

—21

—22

—23

—24

—25

—26

—27

Depth: 8 ft 8LS

+ + • —

++

1

26—Aug-86 04—Dec-86 14—Mar-87 22—Jun-87 30—Sep-87

9

—10

— 11

—12

—13

—14

— 15

— 16

—17

— 18

—19

—20

—21

—22

—23

—24

—25

—26

—27

—28

—29

—30

—31

+ P57

WELL 18, PSYCHROMETERS
Depth: 9 ft BLS

4 S
0 8 80 ▪ 20 0 

8
0

0

ap

o 
o

0
0

00
00
44,

0

§0
9 ,
•
00

0

O

0

0

0

0

0

0

1 T 1

26—Aug-86 04—Dec-86 14—Mar-87 22—Jun-87 30—Sep-87

o P59



WELL 18, PSYCHROMETERS
Depth: 10 ft BLS

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

0  

—0.2 —

—0.4 —

— V • V -

—0.8 —

—1 —

— 1.2 —

—1.4 —

—1.6

— 1.8 —

—2 —

—2.2 —

—2.4 —

—2.6

A

A

A

.56

to

A

a

A

A

A

2`6—Aug-86

—15

—16

—17 —

—18 —

—19 —

—20 —

—21 —

—22 —

—23 —

—24 --

-25

AS A...-. CC 14—Mca-87 22—Jun-87

A P61 AT 10 FT 6LS

WELL 18, PSYCHROMETERS
Depth: 11 ft BLS

Xrt--R7-

❑

0

0

08

0
0

ac 0
8 0 0

0 0 0rt

a 5

1 0 

0

0

a

D 00

9

1 1

26—Aug-86 04—Dec-86 14—Mar-87 22—Jun-87 30—Sep-87

0

0

P65



WELL 18, PSYCHROMETERS

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
o
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

—17
Depth: 12 ft BLS

—18 —

— 19 —

—20 —

—21 —

—22 —

—23 —

—24 —

—25 —1

—26

—27  1

26—Aug-86 04—Dec-86 14—Mar-87 22—Jun-87 30—Sep-87

0

+ P66

WELL 18, PSYCHROMETERS
Depth: 13 ft BLS

—2 —

—4 —

—6 —

—8

—10 —

— 12 —

—14

—16 —

—18 —

—20 -

—22 —

—24 —

—26 --

28

0

A

2

0

0

0

0
0

0

8

0

8
0

O
0 Cs

26—Aug-86 04—Dec-86 14—Mar-87 22—Jun-87 30—Sep-87

o P67



WELL 18, PSYCHROMETERS

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

8  
-9 -
—10 —

— 11

—12

—13

—14

—15

—16

—17

—18

—19

—20

—21

—22

—23

—24

—25

—26

—27

Depths: 14 ft BLS

9 g RA

8

A

A
A

A
r

A

A

A

A A

A

A

f!t
A

A

1

A

04—Dec-86 14—Mar-87 22—Jun-87 30—Sep-87

A P68

WELL 18, PSYCHROMETERS
Depth: 15 ft BLS

—10 --

-12

—14 —

—16 —

—18 —

—20 —

—22 —

—24 —

—26 —

—28 —

—30 —

—32

X0

10

x

X

X

x

x x

X

x

x

26—Aug-86 04—Dec-86 14—Mar-87 22—Jun-87 30—Sep-87

x P69



M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
a
t
t
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

WELL 18, PSYCHROMETERS
Depth: 16 ft BLS

0

— 1 -

-7 -

-3 -

-4

—5

—6

—7

—8

—9

—10 -

-11 -

-12 -

-13 -

-14 -

--15 -

-16-

V

V
V

V

v

-17

26—Aug-86

—10 I

04—Dec-86 14—Mar-87 22—Jun-87 30—Sep-87

V' P70

WELL 19, .10 FT BLS
PSYCHROMETERS

CI P19 + P20 o 

23—Jan-87

P21



M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

0

—0.2

—0.4

—0.6

—0.8

—1

—1.2

—1.4

1,F-

—1.8

—2

—2.2

—2.4

—2.6

— 2.8

—3

—3.2

—3.4

WELL 19, 10.0 FT BLS
PSYCHROMETERS

02—Jun-85 19—Dec-85 07—Jul-86 23—Jan-87 1 1—Aug-87

❑ P25 + P26 o P27

WELL 19, 15.0 FT BLS
psychrometers

—1

—2

—3 —

—4 —

—5 —

—6 —

—7 —

—8 —

—9 —

—10 —

—11 —1

—12 —

13 1

02—Jun-85 19—Dec-85 07—Jul-86 23—Jan-87 11—Aug-87

p28 + p29 0 p30



WELL 19, 16.0 FT BLS

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
a
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

0

— 1 —

—2 —

—3 —

—4 —

—5 —

A

Psychrometers

02—Jun-85 19—Dec-85 07—Jul-86 23—Jan-87

O P31 + P32 o P33

'WELL 1 9, 5 C'') FT B 'LS
PSYCHROMETERS

0

—0.2

—0.4

—0.6

—0.8

— 1

— 1.2

— 1.4

— 1 5

— 1.8

—2

—2.2

—2.4

—2.6

—253

3  

02—Jun-85 19—Dec-85

11—Aug-87

 \VI

if

O P22

T 1

07—Jui-86 23—Jan-87 11 —Aug-57

+ P23 0 P24



0

WELL 22, PSYCHROMETERS
Depth: 3.0 ft BLS

M
o
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

M
o
t
r
i
c
 
P
o
t
e
n
t
i
a
l
 
(
b
a
r
s
)
 

-1 -

-2 -

-3 -

-4

-5 -

-6 -

-7 -

-8 -

-9 -

10

o
t T

a
L3

9

E9

0

-r

C/2-jun-85 i9-Dec-o5 07-Jut-86 23-Jan-87 11-Aug-81

0

0 P37 + P39

WELL 22, PSYCHROMETERS
Depth: 5.0 ft BLS

-4 - 0

-5- 0 
0 + 

+

-6- 2 8 

0
-7 -  a g Il

-8 - 
*

0 i

a 

+El 

0
0

-io -

-11 -

-9 "-

-1', - d

-16

S

0

0

0

r43 E
DI

0 CJ

0

0

a

❑g❑ °0 8
a

02-Jun-85 19-Dec--85 07-Jul-86 23-Jan-87 11-Aug-87

CI P40 + P41 0 P42



WELL 22, PSYCHROMETERS

4
Depth: 9.0 ft BLS

-5 -

-a -

-10

-12

-14
0
47,

-16
0

-la
U
r_
0 -20

-22

-24

-26

-28

0

0

O o
ei 0 0 

0

0 i a 0 m CI C

9 
0 O t '8

4
• + +   

+ + $ c 0
O qi 1 0 °

+

O +

0

02-Jun-85 19-Dec-85 07-Jul-86 23-Jan-87 11-Aug-87

0 P43 + P44 o P45



APPENDIX I

NEUTRON ACCESS PROBE DATA



11

10

9

Lu
U) 8

P:
Z C
°o 3• 0

z
o

z

WELL W02, NEUTRON COUNT
01/13/87

—

—

—

5 —

4 —

2

11

0.50

I I

2.50 4.50 6.50

DEPTH FEET

r

8.50 10.50

WELL W02, \JEUTRON COUNT
02/09/87

12.50 14 50

10 —

9 —

U

Lo
,-..

Z
1— 0
. 01 

78

w
0

• ;;,-,

0 —
et

i__

5 —

0 0

Z

0 0
✓ 6 —

w

3 —

—1

Z

4

2

0.50 2.50 4.50 6.50

DEPTH FEET

8.50 10.50 12.50 14 50



11

WELL W02, NEUTRON COUNT
03/10/87

10

7

5

4

3 -

2

11

0.50 2.50 4.sn

DEPTH FEET

RSO 10.50

WELL W02, NEUTRON COUNT
04/08/87

12.50 14 50

10 -

9 -

8

7

5

4

3 -

2 , i

0.50

ICI

2.50 4.50
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